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THE VASULKa IMAGING SYSTEM 


& SHORT OVERVIEW 


ee CUR DIGITAL VibDEC sysTEM 1S A iWwICROPROGRAMMABLE PRO- 
7 aa CESSOR FCR THE AQUISITION, STCRAGEs MCDIFICATION anp DISTRI- 
BUTICN OF LIGITALLY ENCODED VIDEC CF FouR pit RESOLUTION. 
a IT CONSISTS OF THE FOLLCWING SUBSECTIONS: 
QUANTIZERS (ANALOG/DIGITAL CONVERTERS) 
bUFFERS ; 
MICROPROGRAMMEDL MICROPROCESSOR 
INTERFACE TOG DEC LSi-}] MICRCC OMPUTER 
SUFFER ANG SCREEN ALDRESSING CIRCUITRY 
CUTPUT SELECTION LOGIC 
LIGITAL TO ANALGG REC CNVERSION 


DIGITAL IMAGE PROCESSING IS THE TERM APPLIED TG THE 
NWMERICAL COLIFICATION AND SUBSEQUENT ALGGRITHMIC MANIPULATION 


AT 1 ON’ OF THE IMAGE IS PERFORMED ON A POINT bY POINT BASIS 
4S TRE PICTURE Is SCANNEDs ASSIGNING 4 NUMBER TO EACH POINT 
CORRESPONDING TO THE LUMINANCE VALUE OF THE PICTURE AT THAT 


TETERMINE THE AMCUNT OF DISCRETE INTENSITY CHANGES. THAT MAY 
be DETECTEDS WHILE THE NUiMbER OF INDIVIDUAL POINTS DETERMINE 
THE SMALLEST AREA OF THE PICTURE THAT MAY bE ENCODED. 

& THIS QUANTIZATION 1S IMPLEMENTED by a REAL-TIME DIGI- 


CRIGINAL PICTURE. 

“ “FRAME BUFFER PRCCESSING IS THE TERM APPLIED TO TKE 
STORAGE OF SINGLE FRAMES. SR SEQUENCES OF FRAMES» ALLOWING 
TRANSFCRMATIONS GF PIXEL LOCATICN WITHIN A FRAME, OR CVER A 

(> NUMBER OF FRAMES. IN’ GUR SYSTEMs WE HAVE EIGHT IMAGE bUFFERS 
D2 GF 8K DEEP bY FCUR BITS WIDE. WITK HIGH SPEED (266 NS) ACCESS 

TiMEe ENTERING EACH BUFFER ARE FOUR BUSSES CARRYING CONTROL 

SIGNALS» ADDRESS AND DATA INFORMATION. AT ANY TIME» ANY BUFFER 


EXPANSION OF THE IMAGE RESCLUTICN py CONCATENATION OF SEVERAL 
BUFFERS ONTO THE SAME 6US+ FOR EXAMPLE, CONNECTING Twe BUFFERS 
JO THE SAME bUSs MAKES TREM APPEAR TC THE buUS AS A WIDENED gk 
bY & 5IT SUFFER. CONNECTION CF A PARTICULAR SUFFER TC A bUS 

Is INITIATED bY THE BUFFER PRIORITY LOGIC ASSOCIATED WITH EACH 
BUFFER. : ; : 


G@ PICTORIAL INFORMATION. THIS CCLIFICATION oR QUANTIZ = 


FOCINT+ THE RANGE OF NUMBERS THAT MAY BE ASSIGNED TO EACH PCINT. 


MAY bE CONNECTED TO ANY ONE OF THE FOUR bUSSES+« THIS ALLOWS FOR 


Ste nee: 


A KIGH SPEED (282 NS) MICROPROCESSOR, BASED ON THE 
Aib 2968 pbIT SLICE INTEGRATED CIRCUIT. IS CONNECTED TO Two OF 
THE FOUR bUSSES THAT FEED THE IMAGE bUFFERS+ bY CONRTOLLING 
THE TWO BUSSES» READING AND WRITING MAY bE DONE TC DIFFERENT 
LOCATIONS IN TWO DIFFERENT BUFFERS. THIS GIVES THE CAPABILITY 
GF VARIOUS PICTURE TRANSFORWATICNS> SUCK AS PICTURE INVERSION. 
COMPRESSION, EXPANSION. EDGE EXTRACTIONs AND CUTLINING. 

A SEQUENCER AND A 256 WCRD PROGRAM CONTROL STORE GIVE 
INSTRUCTICN TC THE MICROPROCESSOR. WHICH IS STRUCTURED AROUND 
AN 66 bIT PIPELINE. THIS CONTROL STORE HAS THE CAPABILITY FOR 
EXPANSION UP TO 4896 WORDS. Bis 

“THIS ARRANGEMENT sRINGS 8¢ bIT LONG CODE, DIVIDED INTO 
FUNCTICGNAL FIELDS. SERVICING INTERNAL DEVICES IN EVERY 200 NSe 
IN SIMPLE OPERATIONS, THE INTEGRITY CF A REAL TIME PERFORMANCE 
Is PRESERVED. ‘ ; ‘ ‘ 

7 THE INTERFACE CONNECTS THE LSI-i1 MICROCOMPUTER TC THE 
MICROPROCESSOR AND THE bUFFERS. A BUFFER REQUEST REGISTER IS 
GQ) THE INTERFACE, TO ALLOW REQUESTS FOR USAGE CF A PARTICULAR 
bUFFER. ; 

BUFFER AND SCREEN ADDRESSING CIRCUITRY ACCOMCDATES 
THE GENERATON CF THE HORIZONTAL AND VERTICAL TIMINGs TO SCAN 
GQiT OR WRITE IN DIGITIZED VIDEO INFORMATION TO THE IMAGE 
BUFFERS» ALTERING THE HEIGHT AND WIDTH OF THE PICTUREs SHIFTING 
THE POSITION OF THE SCREEN AND PIXEL REMAPPINGe THE PHASE OF 
THE HIGH FREQUENCY CLOCK IS LOCKED TO TRE VIDEO SUBCARRIER 
PHASE TC AVOID CCLOR SHIFTS IN THE SYSTEMe THE TIMING OF THE 
2/Y TIMING CHAIN DETERMINING THE PIXEL CCCRDINATESs IS IN TURN 
LOCKED TO THIS HIGH FREQUENCY CLOCK. THE HIGH FREQUENCY CLOCK 
ITSELF SETS THE TIME-GRID WHICH SPECIFIES THE MAXIMUM AND 
MNINUM RESCLUTICN ATTAINABLE IN THE SCANNING OF THE BUFFERS. 


gilTh A HIGH FREQUENCY CLOCK OF 9°75524 MHZ AND AN ACTIVE VIDEC 


LINE CF 52.4 MICROSECOND DURATICNs THIS FORMS A TOTAL NUNBER 
GF 512 PICTURE ELEMENTS FOR HORIZONTAL RESOLUTION. ROWEVER.s 
WME TO THE BUFFER CYCLE TIME CF 266 NSe» BUFFER IMAGE RES CLU- 
TION IS FURTHER LIMITED TCO 256 PIXELS+e THUSs TO STORE A 256 BY 
256 IMAGE REQUIRES SOME 65536 MEMORY LOCATIONS» WHICH IS JUST 
THE SIZE OF OUR COMPLETE BUFFER MEMORY. BY GRCUPING ALL EIGHT 
bUFFERSs ONE FRAME OF 256 bY 256 bY 4 RESOLUTION MAY BE STCR- 
ED» BUT MCRE FRAMES CAN BE STORED IF A LOWER RESOLUTION Is 
UED- FOR INSTANCE. IF 128 by 126 RESOLUTICN IS USED THEN FCUR 
FRAMES MAY bE STORED IN A SEQUENCE. AND IF 128% bY 64 RESCLUTION 
Is USED THEN EIGHT CAN bE STORED. 


ee ee 


LISCNAME: 0 
LISCNAME: CVERV 
WUATED: 25-NCV-&@ 


IMAGE EMULSIFIER 


THE IMAGE EMULSIFIER CONSISTS OF AT LEAST FCUR DISTINCT 
SUpscCTlONs: 


&) EIGHT IMAGE pUFIFEiRS 

b) A L1Gh SPEED MICRO-PROGRAMMED PROCESSGR 
C) AN X/Y ADDRESS FORMATION CIRCUITRY 

D) A WICRC=-COMPUTER INTERFACE 


A? EIGHT IMAGE bUFFERS OF &K bY 4 bIT SIZE: 


THESE msUFFERS ARE CONTAINED CN TWC WIRE-WRAP 
CARDSs FCUR BUFFERS TC A CARD. FOUR BUSES ENTER EACH BUFFER 
CARLes CARRYING ALDRESS INFORMATICN (14 bITSs OF WHICH 13 bITS 
ARE USED)» DATA (4 piTS WIDE)» AND CONTROL SIGNALS (TWO bITS)3 
OVE FOR "pbUFFER CHIP ENABLE" THE OTHER A READ/WRITE LINEe AT 
ANY ONE TIMEs A BUFFER MAY bE CONNECTED TG ANY ONE OF THE 
FOUR BUSES- CONNECTING TWC CF THE &K BUFFERS TOC THE SAME bUS 
MAKES THE TWC BUFFERS APPEAR AS A WIDENED 6&K bY & SIT BUFFER. 
CONNECTING FCUR OF THE bUFFERS TO THE SAME bUS WIDENS THE bUF- 
FER WORLD TO &K WCRLUS bY 16 BITSe CONNECTICN CF A PARTICULAR 
pUFFER TO A sbUS IS INITIATED bY THE pbUFFER PRICORITY LOGIC. 
th bY 4 ALLOWS FOR A 128 BY 64 PIXEL IMAGEe bY TIME INTERLEAV- 
ING OF TWO &h bY 4 BUFFERS» A 126 bY 128 PIXEL IMAGE MAY BE 
FORMEDe THIS INTERLEAVING IN TIMEs FREES CNE bDUFFER FOR PRO- 
CESSINGs, WHILE THE CTHER IS USED TG THE IMAGE DISPLAY TIMING; 
ALMGST THE ENTIRE FIELD TIME IS FREED FOR PROCESSING. THIS 
COULD bE ARRANGED sY ASSIGNING ONE bUFFER TO THE TCP HALF OF 
THE SCREEN AND ANCTHER pbUFFER TC THE LGWER HALF OF THE SCREEN. 
WilLE THE TOP HALF OCF THE SCREEN IS BEING DISPLAYED THE LOWER 
HALF CF THE SCREEN'S bUFFER MAY BE USED FOR PROCESSING. THE 
SWwITCH-CVER POINT WILL OCCUR DURING HORIZONTAL pLANKING AFTER 
12@ VISIpLE LINES ARE DISPLAYED (SAY LINE 141 GF THE ODD 
CR EVEN FIELDs ASSUME 21 LINES OF VERTICAL »LANKING AND 
JiE SAME LINE NUMBERING 1S APPLIED TCG EACH VIDEO FIELD). 
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REQUEST OF THE SWITCHK-CVER IS MADE bY THE ALDURESSING LOGIC. 
REQUESTING USE CF THE LOWER BUFFER. IF THE X-Y ADDRESSING 
Is ASSIGNED THE HIGHEST PRIORITY» IT WILL pE GRANTED USAGE 
AFTER GNE MEMORY CYCLE (288 NANOSECONDS)+- CNCE GRANTED USAGE CF 
THE LOWER SCREEN bUFFERs THE ADDRESSING LOGIC RELEASES USE OF 
THE UPPER pUFFER bY NEGATING ITS REQUEST LINE FOR THE UPPER 
pUFFERe THIS FREES THE UPPER pUFFER FOR CTHER UNITS" USAGEs 
EeGe THE CPUs HIGH SPEED PROCESSOR» ETC+ PRCCESSING MAY NCW 
bE DONE UPCN THE TOP sUFFER AFTER REQUEST OF ITS USE« 

ANCTKER SUBTLE FEATURE CF EACH IMAGE pDUFFER 1S THAT 
WRING A WRITE CPERATIONs THE DATA PRESENT AT ThE IMAGE 
BUFFERS' DATA INPUT CAN bE LOOPED THROUGH TO THE OUTPUT LATCH. 
JHE CUTPUT FROM THE pUFFERs AT THE END OF THE MEmMCRY WRITE 
CYCLE, 1S THE LATA WRITTEN INTC THE bUFFER- VERIFICATION CF 
JHE WRITE CPERATION MAY vE ACHIEVED py FOLLOWING THE WRITE 
CYCLE WITH A READ CYCLEe THIS LCOP-ARCUND FEATURE PREVENTS 
SPURICUS DATA’ CUTPUT DURING A WRITE CYCLEe DURING A WRITE 
CPERATIONs THE CUTPUT MAY STILL bE USED FOR FURTHER PROCESSING 
OR VIEWING WHILE THE bUFFER ACQUIRES NEW INFCRMATICNe THIS IS 
ESPECIALLY USEFUL IN FRAME GRApBING APPLICATIONSs WHEN NEW DATA 
IS PUSHED INTC THE FRAME bUFFER» WHILE CUTPUT DATA IS bEING 
SENT TO THE DISPLAY- 


b) A HIGH SPEED (262 NS) MICRO-PROGRANMED PROCESSOR: 


THIS PROCESSOR 1S CONNECTED TO TWO OF THE FOUR BUSES 
THAT FEED THE BUFFERS+- bY CONTROLLING TWG bUSES» THE PROCESSOR 
CAN READ/WRITE DIFFERENT ADDRESSES IN TWO SEPARATE pbUFFERS- 
THIS IS USEFUL FCR VARIOUS IMAGE TRANSFORWATICNS,s SUCH AS 
IMAGE INVERSION, COMPRESSION AND EDGE EXTRACTION. PROCESSING 
laY bE DONE TO DIFFERENT PORTIONS OF THE IMAGE, DURING 
(NE PROCESSOR CYCLE. TIME DELAYS sECOME AN IMPCRTANT 
FACTOR IN PROCESSING INFCRMATION IN TWO SEPARATE BUFFERS. A 
[ELAY OF CNE MEMORY CYCLE TIME WILL bE EXPERIENCED, FROM THE 
REQUEST OF THE READ CYCLE UNTIL THE DATA IS AVAILADLE 
AT THE BUFFER OUTPUT+e A WRITE CYCLE TO A BUFFER REQUIRES DATA 
q0 bE PRESENT AT THE BEGINNING OF TKE CYCLE, AND IS WRITTEN IN 
RING THE CYCLE. AT FULL SPEED CPERATIONs THE PROCESSCR ALSC 
EXHIBITS A 2@8 NANOSECOND DELAY FROM INPUT TO OUTPUT+ THESE 
TIME DELAYS ARE INHERENT IN A LATCHED SYSTEM» AND CAN bE 
PECCMODATED THROUGH SKIFTING FORWARD READ CPERATIONS AND 
SHIFTING bACK THE WRITE OPERATICNS IN TIME. THIS IS A FCRM 
OF ‘PREPARING AHEAD' TO SYNCHRONIZE READ AND WRITE CPERATIONS- 


C) AN 2/7 ADDRESS FORMATICN CIRCUITRY: 


THIS SECTION GENERATES THE HORIZONTAL AND VERTICAL 
TIMING SIGNALS TC SCAN CUT» OR WRITE IN DIGITIZED VIDEO INFOR- 
MATICN FOR THE IMAGE bBUFFERSe MCLULATIGN OF THE XvY SIGNALS 
ALLOWS A CONTINUCUS MOCDULATICN CF THE sbUFFER SCANNING. CREATING 
SIMILAR EFFECTS AS IN SCAN PRCCESSING$’ A MODULATION OF THE DE- 
FLECTICN SIGNALS» RESULTING IN SCREEN COMPRESSION OR EXPANSION, 
ALYUSTMENT OF HEIGHT AND WIDTHs, AND SHIFTS IN THE SCREEN 
POSITION ALONG ThE HORIZONTAL AND VERTICAL AXES. 

; A PRELIMINARY CONSTRAINT WILL BE TO LOCK THE TIMING OF 

THE X-Y¥ TIMING CHAIN TO A CONSTANT HIGH FREQUENCY CLOCK. THE 
A HIGH FREQUENCY CLOChs DRIVING THE X-Y TIHING CHAIN» DETERMNIN- 
ES A ‘TIME GRID* SPECIFYING THE MAXIMUM AND MINIMUM RESOLUTION 
ATTAINABLE BY SCANNING OF THE BUFFERS+ THE bUFFERS DETERMINE 
THE SMALLEST TINE INTERVALs WHICK IS THE pbUFFER CYCLE TIME OF 
@6 NANOSECONDSe WITH A VISIpLE (OR ACTIVE) LINE CF 52e4 MICRO- 
SECONDS» A TCTAL OF 25¢@ PIXELS MAY BE SCANNED CUT PER LINE bY 
UE OF OCNE bUFFER+ THIS 26@ NANCSECCNDS TIME INCREMENT E- 
SPECIALLY EFFECTS PICTURE CCMPRESSION. IF A 12% bY 128% IMAGE 
IS COMPRESSELs ITS SMALLEST SIZE RETAINING ALL THE PCINTS 
@IXELS) WOULD bE COMPRESSION TC HALF SIZE ALCGNG THE VERTICAL 
AND HCRIZONTAL AXES~- FURTHER COMPRESSIGN INVCLVES THE 'SKIPP- 
ING’ OR INTERPCLATION CF JMAGE DATA+s AN EXAMPLE WOULD bE 
COMPRESSING THE bUFFERS SCANNING WITHIN AN 87 BY 87 GRID (8&7 
PIXELS ON THE HORIZONTAL bY 67 ON THE VERTICAL)- THIS TAKES UP 
17-4 MICROSECONDS OR AsOUT CNE THIRD CF SCREEN SIZE- ONLY 87 
POINTS BY 87 PCINTS MAY bE DISPLAYED CUT CF THE POSSIBLE 128 
bY 126+ THE HORIZONTAL AXIS NOW LIMITS RESOLUTION IN A SIMILAR 
WAY TC THE VERTICAL'S LINE STRUCTURE+ spY IMPOSING THIS 'TIME 
GID’ WE HAVE TO FIT IMAGES INTO THE RESCLUTICN OF THIS GRID. 
TE DETERMINATIGN OF WHICh POINTS TC ‘SKIP* OR INTERPCLATE IS A 
QUESTION WHICH WILL HAVE TC bE EMPIRICALLY VERIFIED (OR GUESSED 
AT)» TC ACHIEVE SMOOTH COMPRESSICN OF AN IMAGE bETWEEN SUCCESS- 
IVE FIELDS-« DEVELCPMENT OF ALGORITHMS TC ACHIEVE THIS ZCCMING 
CR SQUEEZING CF IMAGE IS ANOTHER CCNSIDERATICON. 

SPATIAL RANDOMNESS CAN bE ACHIEVED BY INJECTING PSEUDO 
FANDCM NOISE INTO THE ADDRESSING LCOGIC bY ADDITIONs MULTIPLICA- 
TION OR A bINARY/bOOLEAN CPERATION. THESE NOISE GENERATORS 
CAN ALSC bE A SCURCE FOR FAST DATA aaah duet ons WHEN PROCESSING 
DUFFER DATA CCNTENTS- % 
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Db) A MICKC-CCOMPUTER INTERFACE: 


THIS INTERFACE CONNECTS THE LSI-11 TC THE VIDEO 
PROCESSOR AND TC ONE bUS OF THE IMAGE bUFFERS+ A bUFFER 
REQUEST REGISTER IS ON THE INTERFACE TO ALLOW REQUESTS FOR 
WAGE OF A PARTICULAR BUFFERe THE LSI-11 MUST FIRST REQUEST 
WAGE TO ACCESS DATA OF A BUFFER- IF IT IS THE HIGHEST PRICRITY 
IEVICEs A GRANT REGISTER WILL INDICATE THAT IT HAS USAGE 
GF THE BUFFER (THE REQUEST WAS GRANTED)+. THIS GRANT REG- 

ISTER CAN bE ENABLED TO GENERATE INTERRUPTS UPCN GETTING A bBUF- 
FERe ONCE A BUFFER REQUEST/GRANT SEQGUENCE IS SUCCESSFUL A Th. 
bLOCK OF DATA MAY bE WRITTEN IN» OR READ FROM THE GRANTED bUF- 
FERe TO WRITE TO THE CTHER SECTIONS CF THE BUFFER A MEMORY, 
FAGE REGISTER 1S USED TC MAP THE 1h MEMORY SPACE INTO ONE OF 
THE PAGES OF THE &K BUFFER. 

THE LSI-11 IS ALSO RESPCNSIBLE FOR SETTING THE BUFFER 
PRIORITY REGISTERS ON THE EIGHT IMAGE BUFFERS+« THE CPU MUST 
pONITOR THE BUFFER ACTIVITY TC TIME ITS CHANGE CF PRICRITY. IT 
IS PROBABLE» THAT THE pUFFER PRIORITY LOGIC WILL ALLOW THE 
FRICRITY TC bE CHANGEDS THIS WILL AFFECT THE NEXT MEMORY CYCLE. 
ALLOWING THE CURRENT DEVICE TCO KAVE CONTROL UNTIL THE 
FRICRITIES HAVE bEEN CHANGED. A CONTROL REGISTER FOR THE 
(ERATION CF WRITABLE CONTROL STCREs CONTROLS THE 
FUN/SINGLE STEP/STOP CF THE VIDEG PROCESSCR AND CTKER FUNC- 
TIONS» NEEDED’TO CONSTRUCT MICRO-PROGRAMS TO DEVELOPE IMAGING 
ALGCRITHMS- 


Neonates 


LISCNAME: O 
FILENANE: RASTER 
WDATED: 25-CCT-79 


VIDEO PROCESSING AND BUFFERING 


IN RASTER SCAN GRAPICS TWO SCHOOLS OF THOUGHT ARE PRE- 
ALENT WHEN DEALING WITH IMAGE FORMATIONe ONE IS THE PROCESSING 
WlEWs WHERE SIGNALS ARE SEEN AS REAL-TIME SIGNALS THAT MAY BE 
[TELAYEDs MODIFIED CR SWITCHEDs pUT MUST CONFORM TO THE RESTRIC~ 
TIONS OF “REAL-TIME-’ THE CTHER APPROACH 15 THE bUFFER OR STOR~ 
aGE MODE, WHERE INFORMATION IS TAKEN IN AND STORED AS SEQUENCES 
GF STILL PHOTOGRAPHS AND REPLAYED OR RECALCULATED AS A MEMORY 
ARRAY « 


PROCESS@NG REQUIRES HIGH SPEED3 OFTEN ACCOMPLISHED 
THROUGH USE CF FAST» RELATIVELY SIMPLE PROCESSING UNITS.» WRICH 
PRE ITERATIVELY CCMBINED TO PRCCESS THE SIGNAL- INFCRMATICN 
STCRAGE 1S CF A SHORT FCRM VARIETY AND PIPELINING GR ARRAY PRC- 
CESSING ALLOWS FOR COMPLEX OPERATIQGNS TO BE FORMED BY CCLLECT- 
ionS CF THESE PROCESSING MCLULES- 


THE bUFFER APPROACH UTILIZES A DUAL-PORTED MEMORY ARRAY 
OF A LARGE SIZE TO STORE THE IMAGE. THE DISPLAY SCREEN 1S 
NS5ACKED UP" BY THIS MEMORY ARRAY» WITH THE ADDRESSING CCRRE- 
SPONDING TC KORIZONTAL AND VERTICAL PCSITICN CN THE SCREEN+ FOR 
A 640 X 4G ELEMENT DISPLAY» WE REQUIRE 36722600 WCRDS CF MEM- 
(RY PER FRAME» WITH THE WORD LENGTH CORRESPONDING TO GREY SCALE 
AND/OR COLOR RENDITION. THIS LARGE SIZE IMAGE BUFFER IS CFTEN 
CALLED A "FRAME bUFFER»" AND IS VIEWED AS A "RAM INTENSIVE 
APPLICATION’. WHEN DESCRIBED bY THE SEMICONDUCTOR INDUSTRY- 


UTILIZATION OF THIS DENSE MENCRY MUST BE CAREFULLY 
EXAMINED IF IT 1S TO BE EFFICIENTLY UTILIZED- 75% OF THE TOTAL 
MEMGRY ACCESS 1S DEDICATED TO ITS SCANNING FOR A TELEVISION 
TYPE RASTER: FROM LEFT TO RIGHT AND TOP TC pbOTTOM. 


LISCNAME: O 
FILENAME: PIXARI 
WLATEL: 13-vAN-79 


I 


ADDRESSING AND SCREEN POSITIONS: 


THIS 1S A DESCRIPTION OF THE NUMBERING SCHEME 
FOR RELATING BUFFER ADDRESSES TO THEIR CCRRESPONDING SCREEN 
POSITIONS» WHEN SENT FCR DISPLAY TO THE TELEVISION RASTER. 

' THE IMAGE pUFFERS ARE AN &K (4192) ADDRESS bY 4-bITH- 
WIDE sLOCKS OF MEMORY+e EACH OF THESE $192 LOCATIONS IS ADDRESS- 
ED IN A LINEAR SEQUENCEs FROM ZERO (@) THROUGH 8191+ THE X-Y 
ADDRESSING SCHEME DETERMINES HOW THESE LOCATIONS ARE MAPPED TO 
SPECIFIC SCREEN POSITICNS»s WHEN USED FOR OUTPUT. 

' CERTAIN CONVENTIONS ARE USEFUL WHEN UTILIZING THESE 
bUFFERS FOR ACQUISITION OCF DIGITIZED VIGEC SIGNALS» AND WHEN 
COMPOSING HIGHER DENSITY (GREATER NUMbER GF PIXEL ELEMENTS) 
IMAGES« FOR A 128 bY 128 PIXEL DISPLAY TWO BUFFERS ARE USEDs 
QVE ASSIGNED TO THE TOP HALF CF THE SCREEN THE CTHER TC THE 
pOTTOM HALFe EACH BUFFER DISPLAYS @4 LINES OF 128 PIXEL PER 
LINEe THIS MOLE IS CALLED CUR ‘STANDARD VERTICAL SPLIT" MCDE 
OF OPERATION. ; 

PLACING IMAGE INFORMATION INTG A BUFFER LOCATICNs 
WHEN DISPLAYED REPRESENTS A GREY SG@LE OR COLOR SPECIFICATION 
WHEN SENT FOR DISPLAYe THE OUTPUT CF THESE LCCATIONS MAY ALSO 
bE USED FOR NON-VIDEG USE SUCH AS AUDIOs CR CCNTRCL OF CTHER 
LIGITAL DEVICES AT SLOWER RATES- IN THE ‘STANDARD VERTICAL 
SPLIT' MCDEs ADDRESS 6 (ZERO) APPEARS AT THE TCP LEFT CORNER 
OF THE DISPLAY FOR THE TOP BUFFER.e ADDRESS 1 (CNE) APPEARS IM- 
pEDIATELY TO THE RIGHT CF PIXEL ZERO. ON THE TOP LINE (LINE 
ZERO)» ADDRESS 2 (TWO) TO THE RIGHT OF PIXEL 1 CONE) AND SO ON, 
le TO PIXEL ADDRESSED AT 127+ PIXEL 127 1S THE RIGHTMOST ELE- 
MENT ON THE TOP LINE-« ADDRESS 128 APPEARS OWE LINE DOWN (LINE 
ONE)s AT THE LEFT SIDE OCF THE DISPLAY. PIXEL 129 15 ADJACENT ON 
JHE RIGHT TO 12% AND 255 pECOMES THE LAST PICTURE ELEMENT ON 
LINE GNE-e PIXEL 256 IS THE LEFTMOST ELEMENT ON LINE @ ETC. 
TALS CONTINUES FCR THE TGP HALF OF THE DISPLAY UNTIL ADDRESS 
6191s THE LAST ADDRESS IN THE TOP BUFFER» WHICH APPEARS AT THE 
RIGHTMOST SIDE OF LINE 63- 

; ADDRESS @ (ZERO) OF THE BOTTOM BUFFER APPEARS AT THE 
LEFTMOST SIDE OF LINE 64+ AND 1S ADDRESSED IN A SIMILAR FASHION 
TO THE TOP bUFFERs WITH ADDRESS 6191 LOCATED AT THE bOTTCM 
RIGHT OF THE DISPLAY SCREEN. 

; FROM THE AsCVE DESCRIPTION AND FIGURE 3-4 CERTAIN 
ALGEBRAIC EQUATIONS MAY bE DERIVED. 


= RORIZONTAL MOVEMENT: 


#& 
TO GET FROM ONE PIXEL TO THE PIXEL TO ITS IMMEDIATE RIGHT» VE 


Abb ONE TC THE ADDRESS+- TC GET FROM THE CURRENT PIXEL TC THE 
PIXEL AT ITS IMMEDIATE LEFT» WE SUBTRACT ONE ADDRESS« AT THE 
RIGHTMOST PIXEL CN A LINEs THE ADDITION OF CNE CAUSES A ‘WRAP- 
ARCUND® TC THE LEFTMOST ELEMENT GF THE NEXT LINE DOWN. EXAMPLE: 
ADDITION CF 1 TO PIXEL 255 (2ND LINE RIGHTMOST PIXEL). YIELDS 
256 THE LEFTMOST PIXEL OF LINE 2+ WHEN AT THE LEFTMOST 

ELEMENT ON A LINEs SUbTRACTING ONE CAUSES AN UPWARDS 
‘WRAP“ARCUND’s TO THE RIGHTMCST ELEMENT OF THE LINE AnbOVE. 

4 A VARIABLE CALLED ''h* WAY bE INTRODUCED AS THE VALUE» 
TO bE ADDED OR SUBTRACTED TO YIELD THIS HORIZONTAL MOVE- 

MENTe THE VARIApPLE H IS SET TO ONE ADDRESS UNIT « « « H=le 
ADDITION OF H TO THE CURRENT bUFFER ADDRESS» MCVES US GNE 
PIXEL TO THE RIGHT (AS DESCRIbED ApCVE)» AND SUbTRACTING 

H MCVES US ONE PIXEL TO THE LEFTe SIMILARLY» ADDITION OF 3%*H 
MOVES US THREE PIXEL TO THE RIGHTs AND ADDING -34%K MOVES US 3 
PIXELS TC THE LEFT. EQUATIONS MAY bE WRITTEN FOR SPECIFYING 
ADLRESSING SCHEMES USING THE HORIZONTAL K IN THE EQUATIONS. 


VERTICAL MOVEMENT: 


TO GET FROM A PIXEL TC THE CNE IMMEDIATELY »bELOWs WE ADD THE 
NUMbER 128 TO THE CURRENT PIXEL ADDRESS+- TC GO TG THE PIXEL 
IMMEDIATELY AsbCVE THE CURRENT CNEs WE SUbTRACT 128% FROM THE 
CURRENT PIXEL ALDRESS- TO GO TO THE PIXEL IMMEDIATELY AbOVE THE 
CURRENT CNEs WE SUBTRACT 126 FRCM THE CURRENT PIXEL ADDRESS. 
WiEN SUbTRACTING 126 FROM A PIXEL ON THE TOPMOST LINE (LINE 
ZERG OF A BUFFER)» WE CAUSE A VERTICAL ‘WRAP-AROUNLD' TO TKE 
pOTTCM-MCST LINE OF THAT bUFFER IN THE SAME 'COLUMN'. ADDITION 
OF 128 TO A PIXEL ADDRESS ON THE sBOTTOM-MCST LINE OF A BUFFER 
CAUSES A VERTICAL WRAP-AROUND TO THE TOPMOST LINE OF THAT 
BUFFERe EXAMPLE: ADDING 128 TO ADDRESS $1904 BRINGS US TO 
ADDRESS 12¢@s THE PIx ‘EL 2ND FROM THE RIGHT ON LINE @. 


A VARIABLE NAMED 'V' MAY BE INTRODUCEDs AS THE 
VALUE TC bE ADDED OR SUSTRACTED FOR VERTICAL PCSITIONING. 
v IS SET EQUAL TC 128: V=12% ADDRESSESe ADDITION GF V CAUSES 
A POSITIONING TO THE LINE sELOWs AND SUBTRACTION OF V 

CAUSES PCSITIONING TO THE LINE ApOVE THE CURRENT PIXEL 

aS DESCRIBED ABOVE). 

bY USING THESE VARIABLE H AND Vs EQUATIONS MAY BE 
WRITTEN TO DETERMINE NEW POSITIONS FRCM A CURRENT 
POSITIONe TC MOVE 7 ELEMENTS RIGHT AND TWO ELEMENTS DOWN, 
WE CAN SET CUR ADDRESS = ADDRESS (CLD) + 7*H + '#2%*V. 
IF CARE IS TAKEN TO EXAMINE THE WRAP-AROUND CONDITIONS (EITHER) 
iN LOCP PARAMETERS OR ACTUAL TESTS)» SIMPLE LINEAR EQUATIONS 
CAN SPECIFY POSITICN. SINCE THE VERTICAL INCREMENT V IS A 
pINARY MULTIPLE, THE MULTIPLICATION MAY BE EASILY CALCULATED 
AS 7 SHIFT LEFT OPERATIONS» CR MULTIPLE ADDITIONSe FOR FIXED 
INCREMENTS ALONG THE HORIZONTAL AND VERTICALs CONSTANTS MAY 
RESIDE IN THE ‘EMIT* GROUP FOR ADDITICN THROUGH THE ALU TO 
CALCULATE A NEW ADDRESS FROM THE CURRENT CNE- 


CO-ORDINATE REPRESENTATIONS: . 


THE MEMORY pUFFERS MAY bE ADDRESSED» pY USING AN X-Y CARTESIAN 
CO-CRDINATE SYSTEMe IF WE SET THE DISPLAY ORIGIN AT THE TOP 
LEFT CORNER OF THE SCREEN» AN (X-Y) CCORDINATE WOULD bE TRANS- 
LATED TO sUFFER ADDRESS AS FOLLOWS: 

1) FOR THE TOP BUFFER 
QsY = A¥H+Y4AV = A¥1L4Y*126 = KH+L2E*Y = -DUFFER ADDRESS 
i WITH X GOING FROM @ TO 127s AND Y DETWEEN @ AND 63-6 


2) FOR THE TOP BUFFER 
Cio YIER*HACY$O4I*V = KR¥1L +1 25%*CY-64) 
x FROM @ TO 127s Y FROM 64 TO 127- 


THE Y VALUE DETERMINES IF THE PIXEL IS LCCATED IN ThE TOP OR 
pOTTCM BUFFER CEQUATICN 1)- IF Y IS LESS THAN 64+ THE PIXEL IS 
IN THE TOP BUFFER» »bUT WHEN GREATER OR EQUAL TCO 644 IT APPEARS 
IN THE pCTTOM OR LOWER bUFFER (EQUATION 2). 

P IF X AND Y ARE HELD BETWEEN ZERO AND 127s THE AsOVE 

TEST AND EQUATIONS PLACE THE X-Y CO-CRDINATE INTC THE APPROPRI- 
ATE BUFFER POSITION. ; 


HIGHER DENSITY DISPLAY: 


WiEN DISPLAYING THE BUFFERS IN A HIGHER DENSITY MODE (MORE 
PIXELS PER LINEs AND 256 OR 512 LINES PER FIELD)» SIMILAR 
HRIUATICNS MY bE APPLIEDs WITH MINOR CHANGES TC THIS ADDRESS- 
INGs BY CHANGING H AND V AND CHANGING THE TEST FOR WHICH BUFFER 
THE PIXEL 15 LOCATED INe 


LIMITATIONS OCF THE ‘STANDARD VERTICAL SPLIT* MODE: 
TilS MODE OF OPERATICN IS EXTREMELY USEFUL WHEN SCREEN 
(PERATICNS CAN bE SEPARATED INTO TOP AND bOTTCM HALVES OF 
THE SCREEN» pbUT IS INAPPROPRIATE WHEN DOING OPERATIONS. 
EXCHANGING PIXELS FROM THE TOP AND pbOTTCM CF THE SCREEN- THIS 
IS A LIMITATION ONLY WHEN REAL TIME PROCESSING IS DONE 
SIMULTANEOUSLY TCO ACQUISITION CF AN IMAGE. IF THE NECESSITY 
CF REAL TIME MUST HOLD, PROCESSING IN THE BLANKING INTERVAL MAY 
bE DONEs OR A DIFFERENT TIMING ALLOCATION FROM THE 
VERTICAL SPLIT MAY BE USED (SAY HORIZONTAL SPLIT)+ COMPLETELY 
FANDOM ADDRESSING GF A BUFFER IN WHICH AN IMAGE 
IS bEING ACQUIRED» WILL HAVE TC USE THE sLANKING INTERVALS, 
JO AVOID CONFLICT WITK THE WRITE OPERATION (THE BUFFER WRITE 
CYCLES) WHEN PIXEL "CCLLISICN* OCCURS» CR A COPY OF THE © 
DUFFER MAY bE MADE AND THEN PRCCESSED WITHKCUT REGARD FOR THE 
LISPLAY TIMING. 


LISCNAME: O 
FILENAME: PKPROC 
WLATED: 28-NOV-79 


EXEL PROCESSOR/CONTRCLLER 


THE HIGH SPEED VIDEO PIXEL PROCESSCR CC-ORDINATES FAST 
TRANSFERS TO AND FROM THE EIGHT IMAGE bUFFERS IN A REAL TIME 
PROCESSING MODE. CR OTHER CONTROL PROCESSES WHEN NOT ENGAGED 
IN BUFFER MANIPULATICN. 


CONTROL STORE SEQUENCER 


THE PIXEL PROCESSOR IS IMPLEMENTED AS A MICRO-PRCGRAM- 
MED PROCESSOR WITH A CYCLE TIME OF 2g¢ NSe (A 5 MEGAHERTZ 
CLOCK) +. IT CONTAINS A WRITABLE CONTROL STCREs 256 WORDS bU_&E 
bITS WIDE. THE CONTROL STORE MAY bE POTENTIALLY EXPANDED ur TO 
496 WORDS» WHICH 1S USEFUL» WHEN "PRCMMED" VERSIONS OF MICRO- 
COLE ARE DEVELOPED. THE ARITHMETIC/LOGIC SECTION HAS A 16 bIT 
WIDE DATA PATHs WITH THREE CPERAND FIELDS: TWO INPUT SOURCES. 
AND ONE CUTPUT+ THE ARITHMETIC/LOGIC SECTICN CCNTAINS A 16 WORD 
REGISTER STACK AND A 'Q@ REGISTER* FOR TEMPCRARY STCRAGE OF 
iwAGING PARAMETERS. ~~ 


THE PIXEL PROCESSOR IS COMPOSED OF THE FOLLOWING COmMPOo- 
NENT bLOCKS: 


1) CONTROL UNIT 
A) CONTROL STORE SEQUENCER 
8) WRITABLE CONTROL STORE (PIPELINE REGISTER) 
C) TEST CONDITION SELECTOR — 


@) ARITHMENTIC/LOGIC UNIT 

A) A 16 BIT ALU” 
b) AN INTERNAL 16 WORD by 1@ bIT REGISTER STACK AND A 

' @ REGISTER 
C) INPUT SELECTORS FOR ‘a’ aND *s" INPUT TO THE ALU 
D) AN OUTPUT SELECTOR FOR RCUTING TO "*EXTERNAL' REGISTERS 
E) A SPECIAL bUFFER "PRE“SELECTOR® TO ROUTE BUFFERS TO 

~ ALU INPUT — 5; ; 
F) A POST-FORMAT SELECTOR TO RE-ROUTE THE ALU CUTPUT 

| (bY 4 bIT NibpLES) TO EXTERNAL REGISTERS 


3) MEMORY ADDRESSING UNIT 


C- AND b- ADDRESS UNITS 


TC GENERATE ADDRESSES FCR bUFFER MANIPULATION. Two 
INDEPENDENT ADDRESS FORMATICN UNITS ARE PRESENT. EACH GEN- 
RATING A SIXTEEN sIT ADDRESS ON SEPARATED ALDRESS BUSES. 
SIXTEEN bITS ALLOW FOR ADDRESSING UP TO 64K WORDS FCR EACH 
BUFFER» CORRESPONDING TO A 256 bY 256 BY N BIT DEEP bUFFER. 
TIS ENADLES FORESEEABLE EXPANSION OF THE bUFFER SPACE FOR 
KIGHER RESCLUTIGN IMAGES. 

f AS THIS PROCESSOR IS PART CF A DEVELOPMENT SYSTEM, 
CERTAIN PROTOTYPING PROVISIONS ARE INCLUDED: 
Ad RUN/HALT OF PROCESSOR CLOCK 
6b) INDEPENDENT SINGLE STEPPING OF PIPELINE CLOCK AND 
' ALU/SEQUENCER CLOCK 
C) LOADING CONTROL STORE 
D) 'MEMCRY TRAP' = HALTS THE PROCESSOR WHEN IT "FALLS 
OFF* THE EDGE OF THE CONTROL STORE. WHEN ATTEMPTING 
TC ACCESS NON-EXISTANT CONTROL STORE LOCATIONS. 
E) EAAMINATICN AND CHANGE CF ALL INTERNAL AND EXTERNAL 
" ALU REGISTERS. 
F) COMPLETE CONTROL CF PIPELINE REGISTER TO *FORCE® 
' INSTRUCTIONS IN SINGLE STEP MCLE (READ AND WRITE). 


THESE HARDWARE PROVISIONS ALONG WITK AN INTERACTIVE 
MCRC-ASSEMBLER (ON THE LSI-11) ASSIST IN MICRO-PROGRAM 
[LEsUGGING PROGRAM DEVELOPMENT. ; 


LISCNAME: O 
FILENAME: BUFFER 
WDATED: 25-NCV-79 


bUFFER DESCKIPTION 


—S—S— SSS Se ee Se SE SE EE TT = 


THE IMAGE BUFFERS ARE PHYSICALLY CRGANIZED AS MEMCRY 
PLANES OF 8k WORDS (K=1224) bY 16 BIT DEEP. EACH OF THESE 
PLANES MAY bE FURTHER SUBDIVIDED OR SEGMENTED AS 8h BY 4 BIT 
GROUPINGS+ FCUR bUSES ENTER EACH MEMORY PLANE TO ALLOW INDE- 
PENDENT ACCESS TO THE SEGMENTS bY DIFFERENT BUSES+ ACCESS TO 
THE ENTIRE MEMORY PLANE IS ACCCMPLISKED THRGUGH ACCESSING ALL 
SEGMENTS SIMULTANEOUSLY THROUGH ONE bUS- 

A MASTER PRIORITY REGISTER DETERMINES THE USAGE HIER- 
ARCHY FOR CONFLICTS IN BUFFER ACCESSe THIS PRICRITY REGISTER 1S 
SET bY THE CONTROLLING CPU AND ONCE SET» IT DETERMINES THE CUR- 
RENT HIERARCHY CONTROL OF A MEMORY SEGMENT IS GIVEN TO THE LE- 
VICE WITH THE GREATEST PRIORITY LEVEL AT THE END OF THE CURRENT 
miMORY CYCLE-s A LATENCY TIME CF ONE MEMORY CYCLE IS PRESENT 
FRCM ISSUING A REQUEST TILL IT IS GRANTEDs IF THE MEMORY 
SEGMENT IS IN USE. 

EACH DEVICE HAS ITS OWN REQUEST/GRANT REGISTER~+ UPON 
REQUESTING USE OF A MEMORY SEGMENT» THE GRANT REGISTER INDI- 
CATES WHEATHER THE REQUEST IS GRANTED OR NOTe EACH DEVICE KAS 
ACCESS TO ONE ADDRESS IN ALL FOUR SEGMENTS AT A TIMEs UNLESS 
THE DEVICE CCCUPIES TWO INDEPENDENT BUSES. 

ONCE CONTROL OF A MEMORY SEGMENT IS ATTAINED» 

TRANSFER RATES MAY bE EXECUTED AT TKE CYCLE TIME CF THE 

mMEMORYe THE ACCESS TIMES AND CYCLE TIMES ARE IDENTICAL AND 
FIXED AT 2@@ NANOSECOND TIME INTERVAL. THE bUFFER IS 'STATIC® 
IN FORMAT AND NO REFRESKING OR SPECIAL TIMING RESTRICTIONS NEED 
BE FOLLOWED bY THE REQUESTING DEVICE FOR READING OR WRITING TO 
THE MEMCRY SEGMENT - THIS TIMING 1S INTERNALLY DECODED. 

A SPECIAL CPU 'SOFT' REGISTER 1S AVAILABLE FOR 
SELECTION OF MEMORY SEGMENTS bY A CENTRAL SCURCE (THE CPU). 
THIS REGISTER IS IDENTIFIED AS A ‘SOFT REQUEST REGISTER' AND 
ALLOWS CONNECTION TO TIMING LOGIC WITHOUT THE NEED TO RECOGNIZE 
JHE REQUEST/GRANT SEQUENCE. 

A SECOND ‘SOFT READ-WRITE REGISTER’ IS CONCURRENTLY 
WED TC DETERMMINE THE MODE GF THE SOFT SELECTED mEMORY SEGMENT. 


Se er eee 


pat nate RLG TT ain 


. THE BUFFER INPUTS 


THE BUFFER HAS FOUR PRINCIPLE PROCESSING UNITS ATTACKED 
TO ITS OPERATION: 
“ 1) THE X-Y DISPLAY LOGIC: 
Ss ihc “THIS LOGIC DETERMINES THE ADDRESSING SCHEME TO MAP THE 
= ee MEMORY ADDRESSES INTO HORIZONTAL AND VERTICAL SCREEN 
COORDINATES+- THIS IS ACCONPLISHED THROUGH A COUNTER 
CHAIN WHICH DIVIDES A HIGH FREQUENCY CLOCKs TO DETER- 
MINE SCREEN POSITIONe A DISPLACEMENT IN THIS ADDRESSING 
SCHEME RESULTS IN A DISPLACEMENT OF THE PICTURE IN- 
FORMATION TO SCREEN POSITION. 
‘ 2) THE CENTRAL PRCCESSING UNIT 
‘THE CPU ACCESSES A BUFFER AS A MEMCRY ARRAY. THE CHANGE 
eS OF INFORMATION CONTENT MUST BE TIME-=LOCKED TO THE x-Y 
sa aes DISPLAY LOGIC» TO AVOID sREAK-UP OF THE DISPLAYED IMAGE. 
3) AN EXTERNALLY SUPPLIED DIGITAL IMAGE SOURCE: 
“AN INPUT IS MAINTAINED TO ALLOW ACQUISITION OF A REAL 
TIME IMAGE SIGNALs TIMED TO THE X-Y COCRDINATES.- THIS 
ACCOMPLISHES ‘FRAME GRAbpING' OF A VIDEO IMAGE IN 1/6 
OF A SECOND. ~ 3 
4) A HIGH SPEED PIXEL PROCESSOR/CONTROLLER: 
“THIS DEVICE IS A MICROPROGRAMMED MACHINE WITK A CYCLE 
TIME OF 26@ NANCSECONDS- ITS CURRENT ROLES INCLUDE: 
POSITION TRANSFORMATIONS ON TKE bUFFER CONTENTSs VECTOR 
TO RASTER CONVERSIONS TRANSLATION OF GRAY SCALE AND 
COLOR RENDITIONs AND INFORMATION TRANSFER BETWEEN IMAGE 
SEGMENTS AND PLANES. 


READ CYCLE: 
JHE READ CYCLE CONSISTS OF THE FCLLOWING SUp-CYCLESs INTERNALLY 
GINERATED bY THE BUFFER TIMING LOGIC: 

1) AT THE sEGINNING OF THE CYCLEs THE PRIORITY REQUEST 
“LOGIC *SWITCHES' THE bUFFER TO THE CURRENTLY 
ACTIVE bUS» AS DETERMINED IN THE PREVIOUS CYCLE'S 
PRIORITY REQUEST- THE "SWITCH" INVCLVES CHANGING 
THE SIGNALS THAT CONTRCL THE DATA» ADDRESS AND 
CONTROL MULTIPLEXERS- 

2) INFORMATION ON THE DATAs ADDRESS AND CONTROL LINES 
OF THE SELECTED pUSs ROUTE THRCUGK THE bUS SELECT- 
CRS (MULTIPLEXERS) TO EDGE TRIGGERED LATCHES. 
THESE LATCHES ARE THEN CLOCKEDs HCLDING THE CUR- 
RENT ADDRESS DATA AND CONTROL INFORMATION, FOR THE 
DURATION CF THE MEMORY CYCLE- THIS LATCHING OF 
INFGRMATICN FACILITATES CORRECT CPERATION OF THE 
BUFFER WITH LESS THAN OPTIMUM INPUTS (THE LATCH 
HAS AN INPUT APERTURE OF & NANOSECONDS)» AND ALSO 
FREES EXTERNAL DEVICES FROM GENERATING THE MEMORY 
TIMING. 


= 3) TRE LATCHED OUTPUTS ARE PRESENTED TO THE SK WORD BY 4 

rer res “pIT MEMORY bUFFERs AND INITIATE THE READ CYCLEe THE 
MEMORY THEN ACCESSES THE ADDRESSED LOCATICN AFTER A 
FINITE TIME (THE "READ ACCESS TIME FROM ADDRESS TILL 
DATA CUTPUTs OF 126 NANOSECONDS). THIS OUTPUT 1S THEN 
FED TC THE OUTPUT LATCH. : 

4) THE OUTPUT LATCH IS STRCBED AND MARKS THE ENDL OF THE 
‘MEMCRY CYCLE. THE OUTPUT LATCH NOW CONTAINS THE AD- 
DRESSED DATAe 


: WRITE CYCLE: 
THE WRITE CYCLE bEGINS IDENTICALLY TO THE READ CYCLE: 

1) THE CORRECT bUS IS SWITCHED IN bY THE PRICRITY LOGIC 
“AT THE pEGINNING OF THE CYCLE. 

2) THE DATA 1S ROUTED THROUGH THE SELECTORS AND CLCCKED 
“INTC THE STORAGE LATCHES. 

3) AT THIS STEP THE LATCHED READ/WRITE LINE DETERMINES 
“IF A WRITE CYCLE WILL BE PERFORMED. IF THIS LINE 15S 
LOWs SIGNIFYING A WRITE REQUEST» A WRITE CYCLE BEGINS. 
THE LOCP-ARCUND LOGIC 1S SWITCHED TO ACCEPT THE CUR- 
RENTLY LATCHED INPUT DATA AND PASS IT ALONG TC THE OUT- 
PUT LATCHe WHILE THIS IS GOING ONs THE "WRITE PULSE 
GENERATICN LOGIC" IS ENABLED bY. THE LATCHED READ/WRITE 
CONTROL LINE- THE CORRECT TIMING PULSE IS GATED TC THE 
REALD/WRITE LINE ON THE BUFFER MEMORY CHIPS+ THIS PULSE 
IS SLIGHTLY SHORTER VERSION OF READ CYCLE TIMING 
(GREATER THAN @@ NANOSECONDS)+- AT THE END OF THIS 
PULSEs THE WRITE OPERATION IS COMPLETED. THE MEMORY 
CHIPS REMAIN ENABLED FOR THE DURATION OF THE CYCLE. 

4) THE DATA THAT PASSED THROUGH THE 'LOCP-AROUND' LCGIC 
IS NOW STROBED INTO THE OUTPUT LATCHe THE WRITTEN DATA 


TIMING FOR THE bUFFERS IS GENERATED ON CARDs FOR ALL 
FOUR BUFFERS+ EACH BUFFER CPERATES ON A MEMORY CYCLE OF egg 
NMANCSECOND DURATIONe ONCE A DEVICE 1S GRANTED USAGE OF THE 


) PLACED ON THE READ/WRITE CONTROL LINE. 

SIMULTANECUS TO THE EXECUTION OF A READ OR WRITE CYCLE, 
THE PRIORITY REQUEST LOGIC DETERMINES BUS CONTROL FOR THE NEXT 
CYCLEs MEMORY CYCLES ARE CLOCKED OCPERATIONSs DERIVED FROM THE 
x1 CLOCK RATE (286 NANCSECONDSs 5 MEGAHERTZ)--A SHORT GRACE 
PERIOD IS INCLUDED TC COMPENSATE FOR PROPAGATION DELAYSs AND 
ALSO CABLE DELAY FROM THE DRIVING DEVICE TC THE BUFFER. 


IS PRESENTED TO ThE CUTPUT» MARKING THE END OF THE CYCLE. 


DUFFERs THE DEVICE REQUESTS A READ OR WRITE CYCLE+e THIS REQUEST 
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ESS UNIT CONTROL 
b1ITS 
BITS o-7 
L=REG. ¢ 


REGe 


IFUNREGQ eo 
RAQUEST 


FOR FUTURE EXPANS1ON.--. :ADDRESS 
plTS @-728-15 


READ BACK FCR FPLACPROM) 


BITS O@-324-726-11412-15 
BITS G-15 


b bUS SUFFER NODE 


REGISTERS 
A pUS BUFFER GRANT 


DUFF ER PRICRITY/ 
BITS 2-7 


b ADDR 
REGISTERS- 
b DUS 

blTS G-11 


SOFT 


164116 
164126 
7164122 
2164124 


VeSIZE 


WINDOW Y2 CEND):164126 


HeS1ZE 
WINDOW Y1 


FREE 


. 
e. 
. 
e 
. 
e 


(bEG) 


sSEL/POCL:TITLER CONTROL 
«SPACE 


xe. 


x1 


WINDOW 
sWinDow 


sBLINK 


QUAD CONTROL *bIlTS 4-7 — 
6-11 


KEY POLARITY b1T Le 


EXTENDED ADDRESS 


7 


yo 


TITLER CONTROL BITS 6-7 


KY SELECT SITS 


BUFFER READBACK BITS @-3 s@UAbe® BUFFER READ bACK CONTROL:164112 
‘PAGE’ 


ATMATTEs pbITS G-11 : sA-MATTE 
br hATTE. SLIS (G14 : spo-NATTE 


SS 22) 2 2 Se 2 CC Cs 6 CSS Fo 6 16-6 © & Se eo ne 


LTO As BITS 6-15 


SS (2 52 2 8 2 C8 es 6 CM 62 C18 6S be Oe © 610s © o's ew & & 


2164132 


HITS <285 7b TC A MAP ADDRESS SELECT 2164136 
bITS B-15 :MICRC CONTROL/STATUS 716414 
bITS @-11 : shICRO ADDRESS 27164142 
PIPELINE REGISTERS :GROUP @ = PIPE @-15 164144 
blIT &@ IS PIPE @ ake SS S8svs cos ie Sas iens S Sessueege es S 2: S)Ss Seg iehe 
BITES Is PIPE 15 sGRCUP 1 = PIPE 16-31 2164146 
pbIT @ IS PIPE 16 Sisis SSeS eis Siensners $ $s. Sieeneasie £698 8 Sys arsys 
bIT 15 Is PIPE 3 *GRCUP 2 = PIPE 32-47 2>16415¢ 
ECT eee PPPPP es ssssssssssstsssssssssssss: 
oe 3GRCUP 3 = PIPE 48-63 7164152 
s:GROUP 4 = PIPE 64-79 27164154 
FOR FUTURE EXPANSION: GROUP 5 * PIPe 62-95 2164156 
:SEQUENCER STATUS 71641 6 
; > DIRECT INPUT READBACK :164162 


ee SS So £6 eee a eS © 8 6) elene 6 6 # ie 6 « «66 as 


U CUTPUT READ bACK 


eee eee eee ee ese eeese 
eeeeeeseses eevee eee esd 


BITS Bebo 


FREE 


see eee e eee eee eee ee ees 


FREE 


esfe eee ese eeseeaevee 


eereeeeeeneee 


(@TICNAL PLUG inv 


gh sLSi-11 STATUS/CONTRGL 
a ae 


164164 
7164166 


2164176 


LISCNAME: X 
FILENAME: bspUS «DCC 
WLATED: 24-NCV-4e 


b-bBUS ADDRESS AND CONTROL REGISTERS 


THE ADDRESSING UNITS ACCESS THE IMAGE BUFFERS THRCUGH 
REQUEST/GRANT SIGNALS» TIMED TO THE HORIZONTAL AWD VERTICAL 
VIDEO RATES- IT UTILIZES A QUADRANT METKOD OF ACCESS» SPLITTING 
JHE SCREEN INTO FOUR REGIONS: 


THE TOP LEFT QUADRANT - QUADRANT @ 
THE TOP RIGHT QUADRANT - QUADRANT 1 
THE bOTTOM LEFT QUADRANT - QUADRANT 2 
THE spOTTCM RIGHT QUADRANT - QUADRANT 3 


THE ADDRESSING UNITS READ CK WRITE TC EACH CF THESE 
QUADRANTS INDEPENDENTLY» ALLOWING COMpINATIONS CF PRIORITIZED 
ACCESS TO THE BUFFERS- THE QUADRANT RELATED REGISTERS ARE: 


1) THE BUFFER OUTPUT DISPLAY REGS(BOUT) 164€622-164626 
2) THE ADDRESS MODE REGISTERS CbAD) 16442-1640 42 
3) b-BUS SUFFER MCDE REGISTERS (bMODE) 164044-1 640646 
4) THE b-bUS REQUEST REGISTERS (BREQ) 164050-164256 
5) QUAD CONTRCL/LSI-11 READBACK REGISTER ~164112 


6) Pau /SofX Mantas Reg (FSET) x060-x07E 


! ~ “ 
ai AA f | 
/ hn VU ‘ 


1) BUFFER SUTPUT LISPLAY REGISTERS: 


THESE REGISTERS» ORGANIZED bY QUADRANTS (2 TC 3). DE- 
RRMINE WHICH OF THE EIGHT pbUFFERS (OR BLACK) WILL bE DISPLAYED 
IN EACH OF THE FOUR QUADRANTS CF THE SCREENe THE FOUR GUTPUT 
CHANNELS ARE ASSIGNED bY PLACING THE bIT PATTERN (SEE TABLE 
LELOW) INTO THE REGISTERS WlopLE POSITION. — 
; = 2 ee fr 
! OUTPUT #3 ! OUTPUT #2 ! OUTPUT #1 ! OUTPUT #2 ! 
iS Aa, 1S eee 16 9 BCE? 6 OR OA ES Oe eee 

1 


bk S251 SB BK S251 SB bh S2 S1° SO bK SE S1 5G QUADRANT 2 
bk S2 S1 SO skh S2 $1 SB BK S2 S1 SB BK S2 S1 SG QUADRANT 1 
pi S2 S1 S@ bh S2@ Si SG sh S2S1 SO bK S2 S51 SB QUADRANT 2 
bh S2 S1 S@ sK S2 $1 SG bK S2 S1 SO bBK S2 S1 S@ QUADRANT 3 


QUADRANT @ 1S ADDRESS 164866 QUADRANT 1 IS ADDRESS 164682 
QUADRANT 2 is ADDRESS 164804 QUADRANT 3 IS ADDRESS 164886 


TASLE: BK  S2@..S1 SG OUTPUT 
B “6 "8 "8 ° BUFFER @ 
G g & 1 BUFFER 1 
@ g 1 @ BUFFER @ 
4) v4) 1 l BUFFER 3 
@ 1 g @ BUFFER 4 
4) 1 @ 1 BUFFER 5 
"1 1 1 G BUFFER 6 
G 1 1 1 BUFFER 7 
1 x x x ‘pLACK' (ALL ZEROS) 


WHERE: @ = LOW 1 = HIGH AND X = DON'T CARE 


2) ADDRESS MODE REGISTERS: 


THE ADDRESS MODE REGISTER CONTROLS Tiik TWC ADDRESS 
UNITS OPERATICN-e IT ASSIGNS RESOLUTION» DIRECTION OF ADDRESS- 
ING (UP/LOWNS LEFT/RIGhT)s AND THE RE“MAPPING OF THE ADDRESS bY 
THE ADDRESS MAP UNIT. THE LOWER bYTE (bAD 6) SERVICES BUFFERS 
E-3- AND THE UPPER pYTE (bab 1) bDUFFERS 4-7. 


¥25072 T1406 11305) !12¢4) PLIERS Te Ce) ESC) 2 bse 2 4 


oi ete | Pers ae oe ol ees i HEE DT U/D 
RESCLUTION RES CLUTI Gin MAP DIREC NAP DIREC 


bITS 6 AND & (&% AND 16) - SCAN CONVERTING bITS(L) 

< WHEN LOWs THESE pbilTS REVERSE THE CUTPUT DISPLAY RIGHT 
FOR LEFT (plT2/1@)2» AND UPSIDE DOWN (bIT @/8)- 

bITS 1 AND 3 (9 AND 11) - MAPPING bITS(H): 

c WHEN SETS THEY PLACE THE BUFFER INTC A MAPPED ADDRESS 
MODE+e THE bUFFER DISPLAY ADDRESS (PIXEL LOCATICN) 1S 
DECIDED bY THE MEMORY MAP DRIVEN pY THE X AND Y GENERA- 
TORS-e THESE MAPS ARE LOADED sY THE VILEG PROCESSOR AND 
GIVE ACCESS TC QUICk COMPRESSION AND EXPANSICN CF ThE X 
AND Y TIME AXISs BY CHANGING THE VALUE CF THE MAP. 

bITS 4 AND 5 (12 AND 13) ARE THE Y RESOLUTION 
bITS 6 AND 7 (14 AND 15) ARE THE X RESOLUTION 


bITSC7) biT4(6) 


B 6 NORMAL 

g 1 HIGH 

l G LOW 

1 1 AUXILIARY 


X-Y ADDRESS MAPS 


SOME METHODS TC GENERATE ADDRESSES ARE: 

A MAPPING MEMORY CF 256 WORDS bY & BITS IS PLACED CON 
THE OUTPUTS OF THE X/Y ADDRESS TIMING (CONE MAPPING MEMORY CN 
THE HORIZONTAL AND ONE ON THE VERTICAL TIMING)- THESE MAP- 
PING MEMCRIES ARE LGADED WITH A FUNCTICN WHICH 
TRANSLATE TKE SEQUENTIAL X OR Y INTC A DIFFERENT ADDRESSING 
SCHEMEs THE MAPPING MEMCRIES ARE WRITTEN TO-DURING THE. 
INACTIVE SCAN (BLANKINGs OR WHEN “THE bUFFERS ARE NOT IN 
(SEX -AND MAP THE FUNCTION USED DURING THE ACTIVE SCAN- A DELAY 
OF THE x/Y ADDRESSING THROUGH THE MAPPING MEMCRY MAY BE CCN- 
PENSATED BY SHIFTING THE X/Y ADDRESSING FORWARD AN EQUAL TIME 
LELAY« MAPPING MEMORIES PERMIT SOFTWARE SPECIFICATICNs THE 
ee ALGORITHMS FOR COMPRESSION CR EXPANSION OF IMAGE WITHIN 
. fe OUR TIME GRID. THESE MEMORIES COULD bE LOADED FROM THE LSI-11 

ge WRING VERTICAL bLANKING OR bY THE VIDEC PROCESSOR- THESE MAP 

PING MEMGRIES ARE ESSENTIALLY PROGRAMMABLE FUNCTION GENERA 
TORS» TIMED TO THE X AND Y SIGNALS+- THEY ARE LOADED bY THE 
PIXEL PROCESSOR THROUGH THE C-bBUS- 


a 


a 


saetineea! 


JTERMINE THE MODE CF A BUFFER WHEN THE REQUEST HAS BEEN GRANTED 


GC RAK 


3) pb-bUS pUFFER MODE REGISTERS: 


ThE B-BUS CONTROL REGISTERS (164244 AND 164@46) DE- 


Gi DURING A SOFT REQUEST» FCUR bITS ARE ASSIGNED TC EACH bUFFER 


TO DEC 


IDE THE MODE: 


REGISTER 164844: BUFFER G-3 
REGISTER 164046: pDUFFER 4-7 


BITS 


Bids 
BbiTS 
BIT 


CA et nite aS oe aaa NORMAL WRITE bUFFER 
g x x j NCRMAL READ BUFFER 
1 an x G TEST MODE 


WHERE: @ = Low 1 HIGH AND X = DON'T CARE 

@- 4 = 8 = 12 - READ/WRITECL): 

SETS THE MODE OF THE bUFFER DURING THE ACTIVE SCREEN. 
ENABLED bY THE REQUEST REGISTER+ WHEN THE REQUEST IS 
ACTIVEs THE BUFFER IS PLACED IN A READ OR WRITE STATE 
DEPENDING CN THE STATE GF THIS bIT-e THE WRITE GPERA- 
TION OCCURS ONLY DURING THE ACTIVE SCREEN. ~ 

152 - 596 - Gol® - 13514 - UNUSED 

3 > 7 =~ bl = 15 = TEST MODECH) /WRITE-READ PIXELCL): 
3¢L) = NORMAL MCDE: wey 

WHEN LOWs THIS pBIT OPERATES IN CONJUNCTION WITH THE 
LOWER sITS “sITS @ AND 1) TO ACTIVATE A FRANE GRABBING 
SIMILAR TO A READ-VERIFY-WRITE CPERATION. DATA IS 
WRITTEN IN FOR ONE PIXELS THEN READ OUT IN THE NEXT 
ADJACENT PIXEL TO THE RIGHT. THIS OCCURS DURING ANY 
QUADRANT THAT HAS bEEN REQUESTED AND GRANTED» YIELDING 
A SIDE bY SIDE PIXEL TEST. 


, 


4) b=DUS REQUEST REGISTERS: 


I 


REQUESTS BY THE ADDRESSING UNIT TC THE sbUFFERS ARE 
PLACED ON THE Bb BUS bY TIMING LOGICs DRIVEN bY THESE REGISTERS-~- 
FACK BUFFER IS ASSIGNED FOUR QUADRANTS WHICH CORRESPCGND TC THE 
FOUR CORNERS OF THE SCREEN» THESE REGISTERS ALLOCATE WHICH 
PORTION CF THE SCREEN WILL bE USED bY THE BUFFERs AND SHOULD 
bE SET UP ON A FIELD bY FIELD bASIS- 

THE REGISTERS ARE FORMATTED: 


pITS: Pas A aR OR la a on La 2) 
REGISTERI6405@ RR" RR” RR "RR QUADRANT @ 
REGISTERI64052 R R R R R RR ‘RR ‘QUADRANT 1 
REGISTERI64254 R R R R R R RR QUADRANT 2 
REGISTERI64956 R R R R R R R_ R_ QUADRANT 3 
HUFFERS: ae ee eae ee 
WERE: R = es MEANS THE sbUFFER IS? pune said 10 THAT QUADRANT 
' Rp = 1U MEANS TRE BUFFER rokacrive IN THAT QUADRANT 
-e-THE BUFFER 1$ REQUESTED WHEN 'R' IS SET TO A LOW 
BITS & TO 15 4 UNUSED AV 
7 z\ + Y 
a wr cy 
x 
AY A? SS aw 
NS 
J = ¥ 
N \ 


3)? QUADRANT CONTROL REGISTER/LSI-11 bUFFER READBACK 


THIS REGISTER HAS A DUAL KUNGTION. ThE LOWEST FCuR 
BITS SELECT WHICH BUFFER 1S READ BACK IN THE 1 K ADDRESS SPACED 
bY THE LSI-11- THE OTHER BITS (4-72 CONTROL THE b-bUS QUADRANT 
LOGICe THESE TWO FUNCTIONS ARE ASSIGNED FOUR BITS A PIECE» AND 
ARE ALIGNED IN THE REGISTER AS SHOWN bELOW: ‘ 


REGISTER\I 64112 


tere eee -- + Me a ne eee ee + 
BA) OR alle is Fe is ale es ae a tae, ae ae 
to eae ------ Boot le aS tem nr weer ee ee ee + 
Pac” OCB S11 S81 b3Y Bey 17 Boy 1 
! ee, 's7(H) 5é6CH) 550K) 54tH)! 
toece---- Gem enn meen a--- pewter ee ee nee -+ 
{°° QUADRANT CONTROL” 1YLSI-11 BUFFER READBACK ! 


Heme enn nn nn -  e + 

bITS @-3 ARE USED WHEN READING bACK THE CONTENTS 
OF THE bUFFER* THEY SELECT WHICH BUFFER IS READ IN THE FOUR 
blT GROUPS CF THE 1k ADDRESS SPACE (LOCATIONS 162@620-163776)- 
A ZERC IN THE BIT SELECTS THE "LOWER NUMBER'C@-3) pHUFFER TO bE 
READ bACK IN THE FOUR BITSs AND A ONE SELECTS THE "HIGHER 
NUMBER'C4-7) sUFFER OF ThE PAIR. : 


biT @ - BUFFER @CL)/pUFFER 4¢H) 

‘e ‘A ZERO SELECTS bUFFER @° A CNE SELECTS BUFFER 4 
TO bE READ bACK IN THE LEAST SIGNIFICANT FOUR bITS 
(@ TO 3) OF THE 1 k ADDRESS SPACE. 


bIT 1 - BUFFER 1(LO/_UFFER 5(H) 
q ‘A ZERC SELECTS BUFFER 1 A CNE SELECTS BUFFER 5 
TO bE READ bACK iv bITS 4 TO 7 CF THE 1 kK ADDRESS SPACE. 


BIT 2 - BUFFER 2¢(L)/5UFFER 6(H) 
G “A ZERC SELECTS bUFFER 2° A ONE SELECTS bUFFER 6 
TO pE READ BACK IN bITS 8 TO 11 OF THE 1 K ADDRESS SPACE. 


bIT 3 - DUFFER 3CLI/5UFFER 7(H) 
: A ZERC SELECTS sbUFFER 3° A ONE SELECETS BUFFER 7 
TC BE READ BACK IN bITS 12 TO 15 CF THE 1K ADDRESS SPACE. 


bITS 4 TO 7 - QUADRANT CONTROL 

q THIS ‘NippLE" SELECTS TKE TIMING INPUT FOR THE QUADRANT 
DIVISION CF THE SCREEN. IT ALSO PERMITS "*FORCING’ THE 
GUADRANT LINES TO A FIXED LOGIC LEVEL, DETERMINED bY 
BITS 4 AND Se WHEN bITS 6 AND 7 ARE. bCTH LOWs THEY EN- 
AbLE NORMAL QUADRANT MODEs bUT WHEN HIGH THEY ENABLE 
MANUAL CONTROL OVER QUADRANTS BY BITS 4 AND 5: 


Bo g NORMAL QUADRANT MODE 
7 1 NOT USLD 
1 @ NOT USED 
l 1 QUADRANTS SELECTED py bITS 4 AND 5 
WHEN bITS 6 AND 7 = 1: b1T 4 bIT 5 
& @ QUADRANT 6 
7) 1 QUADRANT 1 
1 g QUADRANT 2 
1 1 _ QUADRANT 3 


WiEN 5ITS 4 AND 5 ARE ENABLEDs QUADRANT INFORMATION (b-BUS 
REQUEST CUTPUT DISPLAY) ARE TIED TG THE CORRESPONDING REGISTERS 
EXAMPLE: bIT 6=1ls bIT 7=ls BIT 42505 BIT 556 

pb-REQUEST QUADRANT @ (REGISTER 164850) NOW CONTAINS n-BUS 
REQUEST» CUTPUT DISPLAY QUADRANT @ (REGISTER 164880) NOW 
SELECTS OUTPUT FOR THE ENTIRE SCREEN ’ 


bITS & TOC 15 ~ UNUSED 


Ly , ie te - Rr ; if 


LISCNAME: 6 "i Vaat o NES AE i 4 CW Kaa 
FILENAME: PRISRE hartley 
UWUATED: 24-NO0V-uu 


PRICRITY/SOrT REQUEST REGISTER 


=———————K——SSSSSSSsseeaesesesseesse== 


REGISTERS 164€668-164676 
PER pYTL: 


ISOFT 


fee Sie ero 


!FCRCED !CGNTROL SELECT !DaTa SELECT ‘ADDRESS SELECT 


IREQUEST!WRITE 


bli ts 


blT 14 


bITS & 


- SOFT REQUEST 


WHEN SETe—ThiS IT CAUSES ALL bUFFER MULTIPLEXERS TO KE 
SELECTED sY THE CONTENTS OF THIS REGISTER-e THE PRIORITY 
LOGIC iS IGNCRED DURING A SCFT REQUEST ANDTHE pus 
GRANT SIGNALS ARE DETERMINED bY THE CONTRCL SELECT sbITS 
12 AND 13+ WHEN THIS bIT IS ZERO. wUS SELECTION 15 
DETERMINED BY TRE PRICRITY LOGIC AND THE wUS PRIORITY 
REGISTER (THE LOWER bYTE OF THIS REGISTER). 


- FORCED WRITE 

THIS 18 A SPECIAL pbIT CNLY TAKES EFFECT WKEN CONTROL 
bIT 12 AND 13 ARE SET TO ZERO (CPU)+ WHEN SETs CON- 
TINUOUS WRITE CYCLES SRE GENERATEDs FCR ACQUIRING A 
REAL TIME IMAGE. THIS WOULD bE A SOFT REQUEST WITH A 
FORCED WRITE, CONTROL SET TO CPU (6G)s ADDRESS SET TC 
“a-Y (21) AND DATA SET TCG EXTERNAL (@1)d+- THIS BIT SHOULD 
bE LEFT AT ZERO FOR NGRMAL CPU REAL/WRITE OPERATIONS. 


bITS 12 AND 13 - CONTROL SELECT 


THESE BITS SELECT THE CONTROL bUS CONNECTED TO 
TRE BUFFER CONTROL iNPUTS+ BUSES ARE ASSIGNED BY 
PLACING THE bIT PATTERNS INDICATED IN TABLE ONE INTO 
THESE BIT PCSITICGNS. PLACING THESE TWO b1ITS AT ZERO 
INVGKES A SPECIAL CPU MODE: THE BUFFER IS PLACED IN A 
CONTINUCUSLY ENABLED STATEs WITH bIT 14° DETERMINING THE 
TYPE OF SUFFER CYCLE.» WHEN BIT 14 IS ZERO, CONTINUOUS 
READ CYCLES ARE GENERATED bUT SET TC CNE» A CONTINUCUS 
WRITE CYCLES ARE INITIATED. THIS PERMITS INTERCONNECTI- 
ON TC DEVICES THAT DO NCT HAVE THE READ/WRITE AND EN- 
AbLE CONTROL LINES» AS IN A ‘BARE BONES' X-Y ADDRESSIN 
SCHEMEe ; : : 


bITS 16 AND 11 - DATA SELECT 


THESE bITS DETERNINE THE bUS USED FGR BUFFER DATA INPUTe 
BUSES ARE ASSIGNED TO THIS SELECTCR bY PLACING THE CODE 
INDICATED IN TABLE CNE INTO THESE bIT POSITICNS. 


AND 9 - ADDRESS SELECT 

DURING A SOFT REQUEST» ADDRESS SELECTION is DETERMINED 
bY PLACING THE CCDES INDICATED IN TAbLE ONE INTO THESE 
bIT POSITIONS. : 5 


Seinen pis, 


bIT ASSIGNMENT FOR CONTROLs DATA AND ADDRESS SELECT GROUPS: 


TABLE CNE: 

OB - A-wUS (CPU) 

Gi - p-sUS (XY/EXTERNAL) 

16 = C-bnUS (PIXEL PRCCESSOR) 
11 - U-buS (PIXEL PROCESSOR) 


REGISTERS 164866-1 64876 
LOWER bpYTES: 


PRIORITY LEVEL PRIORITY LEVEL PRICRITY LEVEL PRICRITY LEVEL 
#3" (HIGHEST) #2 #) #@ CLOWEST) 


REGISTER DESCRIPTICN: 


THIS REGISTER 1S ACTIVE WHEN THE DEVICE ENTERS INTC ITS 
AUTONOMOUS STATE AND IS USED TO ALLOCATE USAGE CF A BUFFER bY 
PRICRITIZING CF THE REQUEST/GRANT SEQUENCE. WHEN TWC OR MORE 
IEVICES REQUEST USE OF A bUFFER (ON LIFFERENT pUSES) SIMULTANE- 
QUSLYs THE CONFLICT IS RESOLVED bY ISSUING A GRANT TO THE DE- 
VICE ASSIGNED THE HIGHEST PRICRITY- IF THE SAME bUS IS SET TO 
TWO PRIORITY POSITIONS» THE RIGHEST PRIORITY ASSIGNED TO THAT 
ws 15° INPEFRECT. ~ . 

' EXAMPLE? BUS A (86) 1S PLACED AT PRIORITY LEVEL ZERC 
éND PRIORITY LEVEL TWO- THE HIGHEST PRICRITY IS IN EFFECT 
@RIGRITY LEVEL TWO). © 

IF A bUS 1S NOT ASSIGNED TC A PRIORITY LEVEL. IT IS 
EFFECTIVELY LOCKED OUT CGF ACCESS TG THAT BDUFFERs REQUESTS ON 
THAT BUS ARE IGNORED» UNTIL ITS PRICRITY 1S RE-ESTABLISHED OR 
A SCFT REQUEST FOR THAT BUS IS ACTIVATED. 


BITS 6 AND 7 - PRIORITY LEVEL THREE (THE HIGHEST) 

BITS 4 AND 5S = PRIORITY LEVEL TWO (THE SECOND HIGHEST) 

blTS 2 AND 3 - PRIORITY LEVEL ONE - THE THIRD HIGHEST PRIORITY 
olTS @ AND 1 = PRIORITY LEVEL ZERO - THE LOWEST PRIORITY LEVEL. 


mUSES ARE PLACED AT ANY CF THESE PRICRITY LEVEL BY PLACING 
THE NUMBERS IN TABLE TWS INTC THESE pl T POSITIONS: 


TADLE TWC: 

BG - A-bUS (CPU) 

Zl = s-bUS CXY/EXTERNAL) 

16 - C-bUS (VIDEC PROCESSOR PORT A) 
Pi Ss) B-BUs CVIDEG PROCESSOR PGRT b) 


LISCNAME: X 
FILENAME: TITLER.-DOG 
WDATED: 21 -wNGV-8@ 


TITLER - OUTPUT KEYER 


TRE pIT PATTERN CHARACTER ACTS AS A KEY SCURCE TO A 
TWO INPUT SWITCH. THE TWO INPUTS ARE IDENTIFIED AS THE A= aig 
bo INPUT. THE ne INPUT CAN bE FURTHER SELECTED FROM TYC INPUTS 


1) THE A-MATTE REGISTER 
2) THE EXTERNAL A-INPUT 

EACH OF THESE INPUTS ARE 12 bITS WIDE, CCRRESPONDING TO 
FOUR bITS ON RED» GREEN AND BLUE. 

THE A-MATTE REGISTER IS USED TC HCLD THE "bAaCKGROUND' 
COLOR INTC WHICH THE ChARACTER IS KEYEDe THE EXTERNAL A-INPUT 
ALLOWS THE spACKGROUND TO bE ORIGINATED FROM ANCTHER 12 bIT 
SOURCE+ 

‘THE b-INPUT SIDE OF THE OUTPUT KEYER SELECTS BETWEEN 
GQi& CF FCUR SOURCES- THESE SOURCES ARE 'iNSERTED' INTO THE 
"KEY" GENERATED BY THE CHARACTER- : ‘ 
2 “ THE FOUR SCURCES ARE: 


1) THRE s- MATTE REGISTER 
2) THE CCLOR MAP 


3) THE EXTERNAL b-INPUT, tes.) we 
4) -asED- (SED At (PAC A# ¥e2 D/A ae 
FL { "fl Sis UPL FT PoRT /JZ£ RB Affi a Le, rut " 


THE b-MATTE REGISTER DEFINES A 12 BIT NUMBER THAT IS Z. 
Q“UTPUT DURING THE CHARACTER hEY+ THIS VALUE I$ KEYED INTO THE ~) 
tACKGROUNDs SELECTED bY THE A-INPUT. | 

THE COLCR MAP IS A 256 WORD bY 12 BIT COLOR MAP. 
IT MAPS % BITS CF THE CHARACTER CODE INTO 256 TWELVE bIT COLORS « 
ir SELECTED» THIS COLGR 1S KEYED INTO THE bACKGROUND (SEE 
FURTHER EXPLANATION UNDER ‘COLOR MAP"). baal 

THE EXTERNAL b-INPUT MAY BE SELECTED TO KEY IN AN 
EXTERNAL IMAGEs SUPPLIED bY THE "EXTERNAL s5-INPUT' PINS.» THIS 
INPUT 1S USEFUL IF THE CHARACTER “1S TCG CONTAIN A ‘TEXTURE'. 
WHICH THEN IS SUPPLIED bY THIS "EXTERNAL (p-INPUT) SOURCE’. 


ALPHANUMERIC CHARACTERS ARE DISPLAYED IN AN & BY 12 
Gibs CF WHICH 7X9 OF THESE ARE OCCUPIED sY THE CHARACTER DOT 
FATTERN+ THE TOP ROW IS ALWAYS BLANK» THE NEXT S$ ROWS (1-9). 
ARE CCCUPIED bY UPPER CASE ChARACTERS+« A SPECIAL FORMAT IS USEIL 
FOR THE 5 LESCENDER CHARACTERS (Gs Js Ps Gs Ye THESE FIVE ARE 
TESCENDED 2 LINES TO OCCUPY ROWS 3-114 WITH ROWS 1 AND 2 BLANKs 

THE ALPHANUNERIC FONT DISPLAY MAY BE EXCHANGED FOR FOUR 
SETS OF PROGRAMMABLE FONTSs STORED IN THE SCRATCHPAD MEMORY. 
JHE STCRED FONT REPRESENTS AN 6H X 16V ARRAY OF DOTS.» EACH FONT 
SET OCCUPIES 2h (2@46) BYTES CF SCRATCHPAD MEMCRY WITH THE 2k 
FQUALS 16 ROWS PER FONT bY 128 FONTS+e THESE 126 FONTS CCNSTITUT 
ONE ‘FONT SET*. 

' THE 6 BITS PER ROW ARE DISPLAYED ON THE SCREEN; LSb TO 

JHE LEFT SIDE MSs TO THE RIGHT OF FONT. THE FONT SETS ARE 
STORED IN SCRATCHPAD PAGES (EXTENDED ADDRESS REGISTER 164114). 
& TO ll» AND WRITTEN TO THROUGH ADDRESSES 16@060-163776- 

FOR EACK FONT» THE SIXTEEN ROWS ARE STCRED IN SIXTEEN 
SEQUENTIAL BYTES CF THE SCRATCHPAD MEMORYs TCP ROW CROW 3) IS 
AT THE LOWEST ADDRESS OF THE 16 bYTES. 


PAGE & 
FONT @ ITS 6-7 ASCII CODES 8-63 
FONT 1 BITS 8-15 ASCII CODES 6-63 
PAGE 9 

FONT @ wITS B-7 ASCII CODES 64-127 
FONT 1 bITS 8-15 ASCII CODES 64-127 
PAGE 1¢ 

FONT 2 iTS 6-7 ASCII CODES 6-63 
FONT 3) BITS &-15 ASCII CCDES 6-63 
PAGE 11 

FONT 2 bITS 6-7 ASCII CODES 64-127 
FONT 3 pbITS 8-15 ASCII CODES 64-127 


CHARACTER MEMCRY 


THE 256 CHARACTERS ARE STORED IN A 256 WORD bY 28 
bIT DEEP CHARACTER MEMORY-e THESE MENCRY BITS ARE ASSIGNED 
AS FCLLOWS: 


CHARACTER MEMGRY BITS O-15 


THESE BITS ARE ACCESSED TiRCUGH MEMORY LOCATIONS 
166686-1607762 AND PAGE REGISTER SET TC 15+ (CLEAR BIT 3 
IN REGISTER 164126) 


FAGE REGISTER 164114 = 15+ (bITS 6-15) 
LOWER WORD: oe 


ASCII FONT bITS ! 


bITS 2-7 
. " 1) ASCII CODE WHEN IN "CHARACTER MODE' 
~ pITS @-6 STORE THE ASCI1 CODE 
IN ALPHANUMERIC MODEs BIT 7 IS UNUSED 
2) BIT PATTERN FOR "THIN GRAPHICS* LINE MODE 
3) pbIT PATTERN WHEN IN ‘WIDE GRAPHICS’ MCDE 
4) PROGRAMMED FONT ~ ~ ~ wee 
’ BITS @-6 SELECT 1 OF 128 FONTS 
bIT 7 SELECTS FONT #1 OR #2 
(SEE MCDE bITS FOR FURTHER EXPLANATION CF FONTS) 


BITS 8-15 
' THESE 6 BITS DEFINE THE COLOR ASSIGNED 
THROUGH THE COLOR MAP 


CHARACTER MEMORY bITS 16-27 


THESE pITS ARE ACCESSED THROUGH MEMCRY LOCATIONS 
161220-161776s AND PAGE REGISTER SET TO 15. 


| PAGE REGISTER 164114 -= 155 CelTsS 16-272 
UPPER WORD: yee 


1 Sey ey ee as Te we beet K SPACE ! 
er a OA Ney eee vas Mapes aie at ee 
eh) CFS BR a aOR eo er 
os) See Pe eee ee Ete 
ice 6 2 Ror e408: 2 eM 2 bea 4 
See ie ad Sa ee ee 
aes Ree 


BITS G-3 
; ' THESE FOUR pITS DEFINE INTERCHARACTER SPACING 
ALONG THE HORIZONTAL AxnISe SPACES ARE INSERTED 
AT THE RIGHT EDGE OF THE CHARACTER. 
THE SPACE ‘W1IDTH* 15 DETERMINED pY THE CURRENT 
HORIZONTAL SIZE. ~ 


coterie 

se DISPLAY MODE BITS 4-7 
pIT 4 MODE SELECT 
biT 5 MODE SELECT 1 
biT 6 FONT SELECT 

YY FONT CH) MCDEl1 MODE® (bITS 6-4) 


5) pha “@ WIDE GRAPHIC — l 

@ 1 ASCII VERTICAL STRIPE GRAPHIC 

1 @ THIN GRAPHIC 

1 1 ALPHANUMERIC-INTERNAL CHARACTER 

g X FONT LOW - PROGRAMMED (LOWER & wITS 2d 

1 X FONT HIGH - PROGRAMMED (UPPER 6 bITS ) 
; (OF SCRATCHPAD) 


NOTE: WHEN HIGHKs ThE SIATH b1IT INTERACTS WITH “FONT” 5IT 7 
@ = LOWse 1.= HIGHs & = LON'T CARE 


bIT 7 pLINK 
+9 VHEN THIS bIT 1S SET THE CHARACTER WILL BLINKe 
THE RATE OF THE sLINK 1S CONTROLLED bY THE 
pLINK-RATE REGISTER 
BIT & - STRIKE THROUGH - 
if - WHEN SET THE DISPLAYED CHARACTER WILL HAVE A 
HORIZONTAL LINE "STRUCK THRCUGK* THE CHARACTER 
p1iT 9 - UNDERLINE ; : < 
- WHEN SETs TRE CHARACTER WILL bE UNDERLINED 
BIT 10 - REVERSE VIDEO 
: “WHEN SET» THE "CHARACTER CELL" WILL CONTAIN A 
REVERSAL OF FOREGRCUND/oACKGROUND 
b1IT 11 - CURSCR ‘ 
; “WHEN SET» A CURSOR WILL APPEAR AT THE CHARACTER « 
THE CURSOR FCGRMAT IS AFFECTED bY pITS 7-12 


~Y- 


2 f @, OPEMA a t/ TES mt lu? v7 ‘% TR ») 


t\ 


SET KET Pst (Gi7n) TO ( AD | 
4 ew re GH fos PAL Y00€ F is | 


¢ ce TITLER REGISTERS 


SSeS SS SS 55S => S>5= 


WHILE MCST CPERATIONS CN CHARACTERS ARE DEFINED THROUGH 
THE CHARACTER RANs CERTAIN PARAMETERS ARE SET UP bY 
REGISTERSe THESE REG ERS ARE: 
CONTROL REGISTER) 


ThlS REGISTER 1S USEL FOR SWITCH-CVER GF SELECTICNS 
AND CCNTRCL pITS CF THE TITLER 


Z Pit {oo te | oy. oe Bag ‘ Sy h4)a0 3 i SM ae | 
WEY PCOLOR MAP - !tSCRATCK !COLCGR MAP!ICHAR!b-IN SEL !A-IN! 
IPOL !SELECT KEY !IN SELECT! SELECT tRAMe! 1SEL Yt 

J 
biT @ A-INPUT SELECT (OUTPUT KEYER) Vs 
b1IT @ 
a A-MATTE INPUT 
l A-EXTERNAL INPUT 
bITS 1-2 b-INPUT SELECT (OUTPUT KEYER)D 
bIT 2 b1T1 
So ee @ °° B=MATTE REGISTER 
@ 1 CGLOR MAP — 
1 g EXTERNAL b- INPUT 
1 1 UNUSED Ke 
blT 3 CEARACTER RAM ADDRESS SELECT 
b1iT 3 
Ba, ae LSi-l1 (ALLOWS WRITING OF CHARACTER RAM BY LSI=11 
1 TITLER TIMING 
BITS 4-5 . COLOR MAP ADDRESS SELECT 
BLT) 5 BiT 4 
Ba a eee aes 
4) 1 ChARACTER RAM 
1 g EXTERNAL s-INPUT 
d 1 UNUSED 5 
4 rae 
wlTS 6-7 ) SCRATCH-PAD INPUTS SELECT: 
s BIT. 7 BIT 6 
go 2 LSI-11 
G 1 CHARACTER RAM 
I & C-nUS 
1 l C-BUS 


bITS S16 KEY SELECT 


Ses THIS REGISTER CHCOSES ONE OCF EIGHT BITS TC ACT AS THE 
GUTPUT KEY- THE MSp SELECTS AN INVERTED/NGNINVERTED 
KEYe THESE bITS ARE: 


BIT 10 bIT 9 BIT & 
o” as a CHARACTER KEY (sCRDERS pbLANK) 
g g 1 CHARACTER KEY (SPILL CVER bORDERS) 
@ 1 g CHARACTER KEY UNsLANKED 
@ 1 1 KEY INVERT(L) (@=INVERT»s 1=NON-INVERT) 
1 gj @ UNUSED Pek 
1 Z 1 CHARACTER TITLING bCRDER 
1 1 g bUFFER OUTPUT 6 MSb CAA 
1 1 1 ‘TRUE ; Ae 
S av 
sad ee Ny 

slT 11 KEY INVERT BIT (“UG r [4 . " 

BIT 11 ay | 

weer e ee / 

ia 5 INVERT Page 

1 NON-INVERT “A 

HORIZONTAL/VERTICAL SIZE REGISTER 164122 

j eet Pe ae ae 
ee { 

fre wr wwe ww enw er eK cwe dew nw ewe we ew ew ewe fp ew wee eK sewer eee ee ew we ew wee ww ww wwe 
Te a e. By ae Nis 1 2 ! 1 ! gu4 
of ws Se |p SS om as mo eee ee re ee oe teem er nm mm mm mw wr rr errr rrrrrrerrsr-- 
rEURLLC UN Pee Pe ee Vea a Oe Soe 


THIS REGISTER DETERMINES THE NUMbER OF PIXELS CCCUPIED 
~ so BY EACH CHARACTER DOT: 


BITS @-3 VERTICAL SIZE 3@ LARGESTs 15 SMALLEST 
HITS 4-7 HGRIZONTAL SIZE 3G LARGESTs 15 SMALLEST 
BITS $-11 VERTICAL SPACING 5 LARGEST» 15 CLOSEST 


SETS UP THE VERTICAL SPACING pbETWEEN CHARACTER ROWS,» 
VARYING ON A SCALE FROM @ TO 15s WHERE @ = NO SPACEs 
THE SPACING 1S AFFECTED bY THE VERTICAL SIZE REGISTER» 
AND IS PROPORTIONAL TC THE SIZE ; 


BITS We=15 BLINK RATE REGISTER 
DETERMINES THE RATE OF BLINKING AND BLINKING CURSOR 


CHARACTERS+ THE sLINK RATE VARIES FROM 1/15TH TO 1 
SECOND i , ; 


“A 


TITLING WINDOW 


REGISTER 164124 (TCP LEFT) 


joo oe nono ee 5-5 === tonne n-ne ---- +--+ ------------- + 
WS) Ri 21 Ee eae WAST Se ea ae See ar SE ea a ee 
goer er oe ee + ee $e nena --- =~ +--+ + +--+ + 
REGISTER 164126 (bOTTCM RIGHT) 
yer enw oe en ee ee wwe ee wwe ew ee ee eee poem e mmm mm mmm mmm wm wow we enw ew wee + 
WS TPAMIAS VIS FT VIS APS TT er bs Pats Tee ace! 
jew een wn nw oo oe ene oe ee Se eee + 
’ tl i aeabeants yo ; 
ail LEFT EDGE: @ 1 TEP: EDGES 7 
x2 RIGHT EDGE: 177 Y2 sCTTCM EDGE: ? 


A ~ HATTES REGISTER 164136 


bITS 6-3 RED 

BLTS A=7 GREEN 

BITS $=11 BLUE 

BITS i2=ts UNUS ED 

b - WATTE, REGISTER 164132 

b1ITS 6-3 RED 

LTS) 4>7 GREEN 

biTS $-11 BLUE 

BITS 12-15 -UNUSED 


Se, ed 


sae 4 a . a 
eee SS | fi ; ~ ? 1 ” 9 te 
I< f su 14 Ue on 1On 3 G | “a uy Ad / >) 
= , H f | t 
a = A sa dathbonmetines 


<i 
{ 


LISCNAME: X 
FILENAME: DTOA-DCC 
WDLATEDL: 24-NOV-&G 


DIGITAL TO ANALOG CONTRCL REGISTERS 


Lb TC A MAP INPUT/OUTPUT FCRMAT: 


REGISTER 164134 


fener - ence teen ene ee tee ene ------ to------------- + 
! BS TRE ee | ! bLU 7! GREEN ! RED ! 
w---------- tone eee ee to-------------- too --- + 
PST WA ae eto lah faa Oe No UG. f So ASG -Peeo a a aia 
wero a ta nt ee ee et 


ISLE OSZIMSLTIMSBICSIIGS@IMSIIMSE!ICSIICS@!MSIIMSS!ICSI!CSS!IMSI!IMSG! | 


PAP ADDRESS TABLE: 


fSEL 1 MSEL @ 


eae “Seance patos 
1 & bIT MAP 
@ 6 bIT MAPS (1 OF 4) CFURTHER SELECTED bY 
1 4 olT MAPS (1 OF 16) REGISTER 164136] 


NWOTEs TO ACTIVATE THESE bITS» THE “MAPPED OUTPUT" BITS (SEE 
' TABLE SELGW) MUST BE SET. 


QUTPUT FCRMAT TABLE: 
OSEL 3}. OSEL 8 


"7 G & BIT DIRECT ~ 

4 1 6 oIT DIRECT 

1 g 4 pb1lT DIRECT 

1 1 MAPPED CUTPUT (SEE MAP SELECT TABLE AbOVE) 


THE 4- AND 6- bIT COLOR MAPS ARE FURTHER SELECTED 
THROUGH THE “CCLOR MAP SELECTION REGISTER' 


DwA | 


COLCR MAP SELECTIGN REGISTER 


wee Se eer ene eco teem emer ee ee ee tree errr eer eee -— terre rere ere + 
! EXTRA 3 eis i ¥ “1 GREEN ! RED ! 
qo3nrnrrrrrrrrrercrc:cro tow www nr er em ewe KKK trwrnr rr em wm ewe ee ter nr wr em em mee eee + 
VYSE Waa Se Ti ee SSP eS Shere Tere ewe 
par Re ee ee Ne eT terre er we w remem trwme wwe mr me ee meee tower wwe wee em KK + 


¥ S31 [Sz 513 SRt SIV Ser Sir sei Sat Set sit Set S31 set sitse 1 


IN 4 bIT MAP MCDE S2-S3 REPRESENTS @-15 (CCLOR MAPS 2-15) 
IN 6 bIT THIS TADLE APPLIES: 


Brienne KT MAP @ 
G 1 Xx x MAP 1 
1 G x x MAP 2 
l 1 | X x a 3 
WHERE: @ = LOW 1 = HIGH AND X = DON'T CARE 


WHEN # 14+ IS PLACED IN THE PAGE REGISTER(164114 = 14-6) 
THIS MEMORY ASSIGNMENT BECOMES ACTIVE: 


COLOR MAP: 168060-166776 


LOW BYTE - RED & BIT MAP LSB = 8 

HIGH BYTE - GREEN $ bIT MAP LSp = & 
COLOR MAP: 161622-161776 e 

LOW bYTE - bLUE 6 BIT MAP LSB = @ 

HIGH BYTE - EXTRA & BIT MAP LSB = & 


SUMMARY 3 


LISCNAME: X 4 
FILENAME: SEQREG.-bLOC 
WDATED: 26-NOV-8¢ 


ALU/SEQGUENCER WICRC-DEVICE REGISTERS 


ADDRESS = 164142 MICRO CONTROL STATUS REGISTER 
@ - RUNCL)/HALT READ/WRITE 
1 = CLCCi STOPPED(L).s SINGLE STEP<WRITE CNLY> 
@ = PIPELINE SINGLE STEP ENABLE 
b1IT 3 = ALU/SEG/REGISTER SINGLE STEP ENABLE 
4 > ADDRESS FORCE 
5 = LSl-11 TEST CONDITIGN bIT TSTI1 
plT 6 LSI=11 TEST CONDITICN sbIT TST2 
BITS 7 H13 UNUSED 7 ro F Wibnoumme TS ComPimgres 
pIT 14 - MENCRY TRAP ‘pLCCK* 10 T 14 vevied 
BIT 15 = MEMORY TRAP © 


ALURESS =164142 NiCRC ADDRESS 
bIT @ TO 11 - WICRCADDRESS bITS 
bIiT 12 TO 15 - UNUSED 


CONTROL STORE WRITE / PIPELINE REAL GROUPS 6-5 


NOTE: THE LOWEST NUMBER OF EACH REGISTER IS THE LEAST 
SIGNIFICANT biTs 


ADDRESS = 164144 GROUP @ DATA REGISTER sb1ITS © TO 15 

ADDRESS = 164146 GROUP 1 DATA REGISTER »61ITS 16 TO 31 
ADDRESS = 164150 . GROUP 2 DATA REGISTER sITS 32 TO 47 
ADDRESS = 164152 GROUP 3 DATA REGISTER BITS 48 TO 63 
ALDRESS = 164154 GROUP 4 DATA REGISTER biTS 64 TC 79 
ADDRESS = 164156 GRCUP 5 DATA REGISTER BITS 8G TC 95 


THE GROUP 5S DATA REGISTER (164156) 1S NOT ACTIVE 
IN THE PRESENT SYSTEM 


ADDRESS = 164166 SEQUENCER STATUS 
BIT @ - SEQUENCER CONDITICN CODE TEST b1iT 
p1IT 1 = SEQUENCER STACK FULL ; 
BITS 2-15 - UNUSED 


ADDRESS = 164162 SEQUENCER 'DIRECT* INPUT REGISTER 
bITS @-11 - SEQUENCER DIRECT INPUT 
bITS 12-15 - UNUSED : i 

ADDRESS = 164164 UNUSED 


ADDRESS = 164166 ALU READBACk REGISTER BITS 9-15 


MICSTA - 
Commi2o 
Vow 


LISCNAME: X 
FILENAME: SEQCON-DOC 
LATED: 1&-NCV-¥S 


MICRCG CONTRCL/STATUS REGISTER: 


‘MT MT “NU NU’ NU NU NU “NU KU TST TST AF ASR SSE R/S H/R 
WuR2 ws Subd iyrt esta 
pIT DESCRIPTION: en ae er eT 


BIT @ - HALT/RUN(L) 
' “WHEN "LOW* THE VIDE@Q PROCESSOR RUNS THE CONTROL 
STORE PRCGRAMs FROM THE CURRENT MICRCO-ADDRESS- 
WHEN ASSERTED» IT STOPS THE VIDEO PROCESSOR CLOCK AND 
ENABLES b1T ls» 2 AND 3- 
bIT 1 - SINGLE STEP CONTRCL - RUN/STCP STATUS 
‘ “THIS BIT FUNCTIONS IN CONJUNCTION WITH bITS Gs» 2 AND 
32 AND HAS TWO FUNCTIONS’ WHEN READ. IT INDICATES IF 
THE CLOCK HAS ‘GROUND TO A HALT'CRUN=ls HALTED=@).- 
WITH THE HALT SIT ASSERTEDs EACH '"HIGH’ SETTING OF THIS 
b1IT GENERATES A SINGLE STEP OF THE SEQGUENCER/ALU CLOCK. 
- PIPELINE SINGLE STEP ENABLE 
“ACTS ALONG WITH sIT 1 TCO PASS SINGLE STEPS TC THE 
PIPELINE REGISTERe WHEN sCTH BITS (1 AND 2) ARE HIGH, 
THEY CAUSE A STRObING CF THE PIPELINE REGISTER. 
BIT 3 - ALU/SEQUENCER REGISTER SINGLE STEP ENABLE 
x “THIS bIT OPERATES ALONG WITH BIT 1 TO PASS SINGLE 
STEP CLOCKS TO THE ACTIVE UNITS OF THE PRCCESSCR: 
THE INTERNAL REGISTER FILEs Q@ REGISTERs STATUS LATCH. 
THE SEQUENCER» AND THE EXTERNAL REGISTERS. 
plIT 4 - ALDRESS FORCES 7 
% “pIT 4 CAUSES THE CCNTROL STCRE'S ADDRESS TC CCME FRCM 
THE LSI-11 MICRO-ADDRESS REGISTER (BITS @ TO 11 CF 
ADDRESS=164142)< : ’ 


iy) 


blT 


BIT 5 - LSI-11 TEST CONDITION bIT TSTI 
blT 6 = LSI-11 TEST CONDITICN BIT TST2, 
bITS 7-13 - NOT-USED- 7 Ted yuoR) te ew 13 bs 


pbIT 14 - MEMORY TRAP 'sLCCK' 
bIT 15 = MEMORY TRAP ~ 


a FILENAME: 
LISKNAME: 
WLATED: 


og Be i 


PIPREG.-DCC 
L (CbACKPLANE)D 
1-LEC-79 


Toa X& 


PIPELINE REGISTER ASSIGNMENT 
FRB RK RR A 26 2S 2K RE 26 RK KK KR OK aR ROK OK KOK 


wT REGISTER HEX CONTRCL/FUNCTICN 
\ BR A I 2 2 2 I I I RR II 2 I I IOI I a a 2K aC OK aK a OR aK OK a a ag a aK ak a 9K 2K 

@ REG #164144 6 SEQ= INSTRUCTICN bIT @ 
1 (GROUP > 1 INSTRUCTICN pIT 1 
2 2 INSTRUCTICN bIT 2 
3 3 INSTRUCTION biT 3 
4 4 PCL= TEST PCLARITY 

Ss 5 TST= TEST SELECT BET. @ 
6 6 TEST SELECT sss 1 
fi F TEST YVSSERECT bt 2 
& 6 TRST SELECT iT 3 
g 9 TEST SBLEG Tp SLT 4 
12 A&A MTRAP= MEMORY TRAP (Ch) 

il 5 ENIT= EMIT sIT @ 

TegeS e C “EMIT BLT" I 

13 D EMIT pIT 2 

14 E EMIT bIT 3 

15 F Beit) bit. 4 


DR FR AE AR 2B 2 AR 8 28 RR 8 2 a RK EE KC 2 Es a a aK a aR 2 aK as aK aK 9k 9k a 9K aK ook 9 ok 9 ak aE ok ap ag ok a aK a Ra as ok 


PIPE 


WRITING THE CONTROL STORE 


THESE ARE STEPS ALONG WITH A SAMPLE PROGRAM IN MACRE 
ASSEMDLER FOR WRITING THE CONTROL STORE OF THE VIDEC PROCESSOR. 


1) IN THE MICRO-CONTROL REGISTER (164142) KALT THE 
VIDEO PROCESSOR bY SETTING bIT @ TO A “HIGH* AND THE SINGLE 
STEP (hIT 1) TO A "LOW'e THIS STOPS Tiik CLOCK AND HOLDS THE 
CURRENT PIPELINE INSTRUCTIONe TEST FOR b1T 1 = LOW BY READING 
WHE MICRO/STATUS REGISTERe WHEN BIT 1 READS bACK AS A ‘'ZERO's 
JHE CLOCK HAS FULLY STOPPED. : : 

2) ASSERT THE ADDRESS FORCE bIT (bIT 4 OF ADDRESS 164140)- 
NOW THE ADDRESS FOR THE CONTROL STORE COMES FRCM THE MICRO- 
ADDRESS REGISTER (ADDRESS 164142) INSTEAD OF THE SEQUENCER- 

3) . PLACE THE ADDRESS OF ThE CONTROL STCRE wCRD INTO THE 
MICRO=ADLRESS REGISTER (ALDRESS 1641424 bITS & TO 11). 
Til1S ADDRESS POINTS TO AN 6@ bIT CONTRCL STCRE WCRLe 

“ 4”) MOVE OPERATION - DATA WiLL NOW bE WRITTEN TC THE CON- 

TROL STORE bY SENDING DATA TO THE APPROPRIATE LATA GROUP 
REGISTER AS SHGWNN BELOW: 


TATA GROUP @ - pITS @ TO 15 CF CONTROL STORE ADDRESS 164144 
IATA GROUP 1 = BITS 16 TC 31 CF CONTROL STORE ADDRESS 164146 
IATA GROUP 2 = bITS 32 TO 47 OF CONTROL STCGRE ADDRESS 164156 
IATA GROUP 3 - BITS 4% TG 63 OF CONTROL STORE ADDRESS 164152 
IATA GROUP 4 = bITS 64 TO 79 OF CONTROL STORE ADDRESS 164154 
IATA GROUP 5 = bITS 6@ TO 95 OF CONTRCL STORE ADDRESS 164156 


5) TO VERIFY THE WAITTEN LOCATION IT 1S NECESSARY TO READ 
THE CONTROL STORE WORD THRCUGH THE PIPELINE REGISTER. THE 
PIPELINE REGISTER 1S READ IN FIVE GROUPS OF 16 (SIXTEEN) BITS» 
FROM THE DATA GROUP REGISTERS @ TO 4 (THE SIXTH GRCUP IS NOT 
ACTIVE NOW). HOWEVER» bEFCRE READING THE DATA GRCUP REGISTERS» 
THE PIPELINE MUST bE STROBED TC PUSH THROUGH THE CURRENTLY 
ADDRESSED CONTROL STORE WORD. THIS IS DONE bY ENABLING sbIT 2 
OF THE MICRO-CONTROL REGISTER AND SETTING THE SINGLE STEP bIT 1! 
JO A 'HIGH'» TC INITIATE A SINGLE CLOCh STRCbE- TESTING bIT 1 
INDICATES WHEN THIS 'STEPPING' IS COMPLETE (pI1T 1 = ZERO WHEN 
iE CLOCK IS STOPPED). Dates fin 


FRR AK IR 2K AR 25 25 25 2 2K 28 OR IR 2 26 26 ak ois ak a a 2 2 ie ig is 2g 2g 2 2 aR 2 a6 96 A 2K 2K OK 9K 2K 98 2K OK 2K 2K oh ok 2K 25 2K OK ok a OK 2k 26 OK 2K 06 aR ak OK 


“A @ REG #164152 
\4 1 (GRCUP+6) 


gw 
ll 


g 


PFORMAT= 


GUT= 


RCTATE= 


6 INPUT SELECT 4 INT EXT 
PCST-FCRMAT ENADLE 
ALU CUTPUT SELECT 6 
ALU OUTPUT SELECT 1 


ALU OUTPUT SELECT 2 
ALU CUTPUT SELECT 3 
ALU CUTPUT SELECT 4 
STATUS HCLb 


ALU ROTATE @ 
ALU ROTATE 1 
ALU RCTATE 2 
ALU RCTATE 3 


bo 12 
o 33 
ov 14 - 
, 15 


SPECIAL= 
CADRES= 


ALU SPECIAL INSTRUCTION 
CLEAR 
UP/DOWN (CL) 

LCAL/CCUNT (L) 


2B 46 2k 6B aK a AR 2K 5 8 SR aR a 2 6 GR 2 2K 2 2 ai 2K IS aR ag aE 2 9 IS aR AS aR a8 aE oR OR att 2K 2K 28 2S a KR AE A Ob 8 OK OR 2 2 2 2h 2 8 25 IK 


tb) @ REG #164154 
of 1 (GROUP+I@ ) 


2B 6 A IK 2K 5 25 26 GG 2 2k 6 2 2k 26 26 216 2k 2 6 2 2B aR AE IK 5 EK 26 RK 9G a 2g OK 2K AS AE OK OK 2 a OK OK OR 2K 2S aK 5 OK 245 OK OK 


6 
1 
2 


EATRA= 


ENApLE/HCLD (L) 
CLEAR ' 
UP/LOWN CL) 
LCAD/COUNT (Ld) 


ENABLE/HOLD (L) 
C-bUS ENABLECL) 
BUFFER ENABLE (L) wera ) 
BUFFER READ/WRITECL).C-bUS WRITECI 


C-bUS READ (L) 

bUFFER ENADLECL) 

bUFFER READCHI/SWRITECL) 
RANLCH CCNTRCL @ 


' RANDOM CONTROL 1 


EXTRA 
EXTRA 
LATRA 


FAB A AAS AR BS a iB 26 ER 2K 25 a AS 2 2 OSS 2 AE OK OB 2 2K 2K 2K 2 2 aK 25 2K 2K 9 OK 2K OE 2S 2 OK AK OB SE aK 2K 2K oR aR 2K SR ak OK 9K 9K ak 96 2K aK OK OK Ok 
BOK R38 8 AE OK IE 8 ae 2 OK 2 8 2 a 2K 2. 2K a8 6 aR 2S 2 2K A A 2 i 9k 2 2K 26 a OE SK aE a ES I 2K 2K ok kc ok 2k 2 aK 2c 2 9K 2K 9k a 9K OK aK 2K aK ak 


lb § REG #164146 @ EMIT bIT 5 
14 (GRCUFTt2) 1 EMIT As0T 16 
\y 2 EiuIT bIT 7 
10 3 EMIT pIT & 
10 4 LMIT BIT 9 
u 5 EMIT bIT 16 
ie 6 EuiT biT 11 
Ls 7 EMIT oIT 12 
uf me % ane . bMIT bIT 13 : 
uyis 9 EMIT bIT 14 
te [16 A EMIT pIT 15 
it ' po IDLE= ALU IDLE 
uy ie c IZERG= ALU INSTRUCTION BIT @ 
14 13 D ALU= ALU INSTRUCTION bIT 1 
So 14 E ALU INSTRUC TICN bIT 2 
g) (15 F ALU INSTRUCTICN biIT 3 
Soc ah ica ae te Wa Ne Pla eis sbeae lhl ease ndabeak gag dE a kaka ied ak ewe eae et 
\L @ REG #164158 @ ALU INSTRUCTICN bIT 4 
44 (GROUP+4) 1 SHKIFTER= ALU INSTRUCTION bIT Sl 
i 2. Ca f ALU INSTRUCTICN bIT 67 
453 3 ALU INSTRUCTION BIT 7 
we ew wm www ee ee eee www eww mm ww wm ew ww we ww ew em ww ew ww ww nw ow oe wo ww ee we ee ee ee ee 
w Ao a ALU INSTRUCTION IT & | 
Ag 5 CARRYIN= ALU CARRY IN. 
ce: 6 AIN=) “A INPUT SELECT @ 
1g 7 7 A INPUT SELECT 1 ? G 
wo a kink cates Ss A INPUT SELECT 2 
“) 9 9 A INPUT SELECT 3 
we A A INPUT SELECT 4 
us dl 6 A INPUT SELECT 5 INT/EXT 
nse ee "C pIN= ‘p INPUT SELECT @ 
"5 18 Bit, 6 INPUT SELECT 1 
ub 14 E b INPUT SELECT 2 
¥15 F vw INPUT SELECT 3 


DOK 26 26 AK 2K 26 2K 26 2 26 aR 2 OK 26 2K 26 28 2 OR aK AR 6 OK 26 2 2K 2K 2 OE 2 26 3 2K A 2K 2 2S 25 2c aS 2K oR 2K 2K at 2 2 aK 2K 2 OK 2 2 2K oR 2K OK 26 2 A a 


LISCNANHE: O 
FILENAME: SEQUEN 
WDATED: 24-NOV-79 


THE SEQUENCER CCN TROL GR 6. UP 


DESCRIPTION AND OPERATICN: 


THE SEQUENCER IS RESPONSIBLE FCR CO-ORDIWATING 
THE CUTPUTS OF THE OTHER CONTCL STCRE GROUPS» BY CHOOSING 
WICK CONTROL STORE WORD SHOULD BE READ CUT TO THE PIPELINE 
REGISTER» AND THEN EXECUTEDe THIS CHOICE IS MADE bY OUT- 
PUTTING AN AUDRESS TC THE WRITEABLE CONTROL STOREs ACCESSING 
JHE ADDRESSED CONTRCL WORD. ~ 

THE MICROPROGRAM SEQUENCER SETS THE SPEED OF INSTRUC- 
TION EXECUTION. BY READING CUT CONTROL STORE LOCATICNS AND 
SENDING THEM TO THE PIPELINE REGISTERe THE PIPELINE REGISTER 
Is USED TO HOLD THE CONTRCL STORE OUTPUT UNTIL ANOTHER CCNTROL 
STORE WORD IS AVAILABLE- THE SPEED OF ACCESSING THE CONTRCL 
STORE HAS BEEN SET TO 208 NANCSECONDS WHICH IS ALSO THE CPERAT- 
ING SPEED OF THE IMAGE BUFFERS AND THE ARITHMETIC UNITe ALL 
CHANGES OR CPERATIONS MUST CONFROM TO THIS SPEED OR CYCLE TIME, 
IF THEY ARE TO BE CONTROLLED bY THE VIDEO PIXEL PROCESSOR- 

THE mICROPRCGRAM SEQUENCER USED IS AN AMD CADVANCED 
MICRO DEVICES) 291@+- IT ALLOWS ADDRESSING CF UP TO 4896 CONTROL 
STORE LOCATIONS» OF WHICH ONLY 256 ARE CURRENTLY UTILIZED 
(THERE ARE TWO PAGES OF 256 WORDS). THE 2910 DETERMINES THE 
CONTROL STORE ADDRESS OCR LOCATICNs bY ITS CURRENT INSTRUCTION. 
TiERE ARE SIXTEEN POSSIBLE INSTRUCTIONS» SCME OF WHICH ARE 
CONDITIONALLY EXECUTED. THE FOUR bIT ‘SEQUENCER INSTRUCTICN® 
GROUP IS USED TO DECIDE WHICH INSTRUCTICN TC EXECUTE THE 
CURRENT PIPELINE WORD DECIDES THE NEXT CONTROL LOCATION bY THE 
INSTRUCTION GROUP» TEST CONDITION GROUP» AND FOR CERTAIN IN- 
STRUCTIONS THE ‘EMIT' GROUP+ WE WILL NOW PURSUE THE SEQUENCER 
INSTRUCTION SET AND ITS USAGE IN A MICRCPRCGRAN: - 


@ZZS--INSTRUCTION ZERO IS JUMP TO ZERO OR RESET IN- 
STRUCTION. IT 1S USED TO FORCE mICROPROGRAM EXECUTICN AT LOCA~ 
TION ZERC OF THE CONTROL STOREe IT 1S ALSO FORCED bY THE LSIi-11 
JO BEGIN EXECUTING A MICRCPROGRAM.s AFTER IT HAS BEEN LOADED 
INTO THE CONTROL STORE- THIS INSTRUCTION ied RESETS THE STACK 
POINTERs 


FOR A TABLE OF INSTRUCTIONS» SEE THE DESCRIPTION CF THE 
AML 2918 CHIP. i 7 ; 


TST's 


( 


LISCNAME: X 
FILENAME: TESSELeDCC 
LPDATED: 24-NOV-8@ 


SEQUENCER TEST SELECT/POLARITY CONTROL STORE GRCUP 


lel ee le eee hh en ee 


« 


THIS BIT CONTROLS THE POLARITY OF A TEST CONDITION. 
WEN ZEROs THE CONDITION IS PASSED ON TO THE SEQUENCER IN ITS 
NON-INVERTED FORM. WHEN SET» THE SELECTED TEST CONDITION IS 
INVERTED BEFORE bEING SENT ALCNG TO THE SEQUENCER TEST INPUT. 
TIS BIT 1S USEFUL FOR TESTING 'REVERSE' TEST CONDITIONS- 
FOR EXAMPLE, WHEN TESTING FOR A "NOT ZERG' RESULT CF A PREVIOUS 
ALU OPERATION, THE POLARITY bIT 1S USED A$ FOLLOWS: THE TEST 
CONDITION 51T IS ENABLEDs THE TEST CONDITION SELECT IS SWITCH- 
m TO THE *ZERG* TEST CONDITION» AND THE PCLARITY OF THE TEST 
IS SET (INVERTED). IF THE PREVIOUS TEST CONDITION WAS NOT ZERO. 
THE RESULT OF THIS TEST WOULD SE TRUE (ZERO INVERTED EQUALS 
NOT ZERO)» THIS 61T ALSO CONSIDERS THE POLARITY OF EXTERNAL 
TEST SIGNALS- WHEN SET» THE NEGATIVE LEVEL OF THE 
TESTED SIGNAL 1S CONSIDERED A TRUE TEST CONDITION. AND WHEN 
RESET» TRE POSITIIVE LEVEL OF THE TESTED CONDITION IS CONSID- 
FRED A TRUE TEST INPUT. a 


TEST CONDITION SELECT BITS 


THIS CONTRCL STORE GROUP DETERMINES WHICH TEST INPUT 
IS PASSED ALONG TOG THE SEQUENCER TEST INPUT - 


y Maas aaa 
\@) 


TEST CONDITIONS 


POL 
98765 = (P9-P&-P7-P6-P5) 

000° BH ThHO Have i GH QvADK 
goog: aH OLSI-N- TSUY Lbgzens testy / AH QUADY 
gaeig@ 0s 2H Lh TSE Lst=11 Tst2 | B MBA 
Gio BH Hp UNASSIGNED {| ¢ wn, 
@G11 QRH \> 41 5. eee 


@01d@ BH ce RTC of - ¥NEE, 
gig! =H D~eTH TOKCLD ip ee WEA F 

1108 “bi Bere NU F GL) 9H AEE ADK t Tltr 
@iik Qa Cx LANKING AM nts a ary 


ee a e@eoee = be athena eee ee ee 


SSMS SHS SET HBOS SEBTRBASEBHESBESOERBSRS 


BINARY HEX DEC POL=PIPELINE bIT #4 


wb nw nw en wwe enw w nw ees cnn smn wesw cnn we nwwm meena seen econo name. 


11000 ° 18K 24) INV (NEGATIVE (EX/0R) OVERFLOW) + ZERO >| © 
11001 19H 25 INV (NEGATIVE CEX/OR) OVERFLOW) Bit 
11618 1AH 26 INV ZERO ~ 
11011 isH 27 INV OVERFLOW 

11108 ICH 28 INV CARRY + ZERO 

11101 DH 29 INV CARRY 

11116 1EH 38 INV CARRY(L) + ZERO 

iil =o AFH 031 Inv NEGATIVE 

11900 °° 18H’ \24) Pos (NEGATIVE (EX/NOR) OVERFLOW) - ZERO % (>) 
11001 19H 25 POS GNEGATIVE CEX/NOR) OVERFLOW) ee 
11010 JAH 26 POS ZERO(L) A 
11011 16H 27 POS OVERFLOW(L) 

11186 1CH 26 POS CARRY(L) « ZERO(L) 

11101 1DH 29 POS CARRY(L) ae? 

131168 1EH 36 POS CARRY + ZERO(L) 

iki IFH 31 POS NEGATIVE(L) 


TRUE TEST CONDITION 


ALU STATUS REGISTER: AMD 2910 


POLARITY = NON-INVERTED (8) 
TEST SELECT = @ 


THIS INPUT SETS THE TEST INPUT TO TRUEs FORCING EXEC- 
UTION OF CONDITIONAL SEQUENCER INSTRUCTIONS- THIS IS USEFUL 
WIEN TEST CONDITIONS ARE TO bE IGNORED» AND WHEN ATTEMPTING 
TO EXECUTE CONDITIONAL INSTRUCTIONS UNCONDITIONALLYe 
EXAMPLE: CuS (CONDITIONAL JUMP-TO-SUBROUTINE) WITH CONDITION 
CODE SET AT *TRUE* BECOMES A JUMP=TO-SUBROUTINE INSTRUCTION.- 
IF THE POLARITY BIT IS SET TO “INVERT*s THIS INPUT Is A ‘FALSE’ 
INPUT + CAUSING ALL CONDITIONAL” SEQUENCES TO FAIL. 


SEE AMD 2904 DESCRIPTION: STATUS AND SHIFT CONTROL 
UNIT (PAGE 4s TABLE 4) ( PUB 077 ) 1478 


TEST CONDITIONS 


POL 

%765 = (P9-P&-P7-P6-P5) 
eae OM re EU a emi) ey oy Pearson 
@6Gl1 1h LST<=Plitstt 
@e1le eh LSI-11 7$T2 
G16 2h UNASSIGNED 
@C1ll 3H H DRIVE 
@iee 4H V DRIVE 
@1igi SH C-MATCH(CL) 
@il@ 68 D-MATCH(L) 
@ilbl 7h bLANKING ~ 


11286 18H (NEGATIVE CEX/OR2) CVERFLOW) + ZERO 
1181 19H (NEGATIVE CEX/OR) CVERFLOW) 

11012 1A fERG 3! 

Gti lb OVERFLOW 

11166 1C CARRY + ZERO 

igi 1D CARRY — 

lilo LIE CARRY(L) + ZERO 

Will UF NEGATIVE © 

11022 38° °° (NEGATIVE CEX/NORD CVERFLOW) - ZERO 
We@eg1 31 (NEGATIVE CEX/NOR) OVERFLOW) 

11@16 32 ZEROCL) ; 

1@11 33 COVERFLOWC(L) 

W1GG@ 34 CARRY(L) - ZEROCL) 

Wigl 35 CARRY(L) uhee 

W11@ 36 CARRY + ZEROCL) 

Mill. 37 NEGATIVECL) ~ — 


ALU STATUS REGISTER: AMD 2912 
POLARITY “ = NON-INVERTED (2) 
TEST SELECT ae ee Pat 


THIS INPUT SETS THE TEST INPUT TC TRUE» FORCING EXEC- 
UTION CF CONDITIONAL SEQUENCER INSTRUCTIONS- THIS 1S USEFUL 
WiEN TEST CONDITIONS ARE TO BE IGNOREDs AND WHEN ATTEMPTING 
JO EXECUTE CONDITICNAL INSTRUCTIONS UNCCNDITIOCNALLY- 
EXAMPLE: CdS (CONDITICNAL JUMP-TC- SUBROUTINE) WITH CONDITION 
CODE SET AT "TRUE" BECOMES A JUMP-TC- SUBROUTINE INSTRUCTICN. 
IF THE POLARITY bIT IS SET TO "INVERT's THIS INPUT IS A ‘FALSE 
INPUT» CAUSING ALL CONDITICNAL” SEQUENCES TO FAIL. i i 


SEE AMD 2924 DESCRIPTION: STATUS AND SHIFT CONTROL UNIT (PAC 


LISCNAME: X 
FILENAME: STOREeDOC 
WUATED: 24-NCV-8G 


CONTROL STORE GROUPS - ALU INPUTS 


ieetientie te 


THE ARITHMETIC LOGIC UNITS WITH REGISTER FILEs ARE 
SIXTEEN BIT UNITS WITK TWC INPUTS (SOCURCES)s AND ONE OUTPUT 
(DESTINATION) + THE TWO INPUTS ARE IDENTIFIED AS THE "A" OR 
LEFT“HAND INPUT» AND THE ‘*b* OR RIGHT-HAND INPUT$ EACH OF SIx- 
TEEN bIT WIDTH. THE A OCR 5 INPUT MAY HAVE AS ITS INPUT SOURCE: 

“13) GONE OF THE SIXTEEN EXTERNAL REGISTER INPUTS- 

2) ONE OF THE SIXTEEN INTERNAL REGISTERS» SELECTED FROM 
JHE REGISTER FILE. 

THE & INPUT HAS HAS THE ALLITIONAL PROPERTIES OF BEING 
AbLE TO ALTERNATIVELY ACCEPT AS AN INPUT THE CONTENTS OF THE 
@- CR TEMPCRARY REGISTER. THE 6b INPUT SELECTION ALSO SPECIFIES 
WiICH REGISTER WILL bE WRITTEN TCs WITH THE ALU CUTPUT AT THE 
EVD OF THE CURRENT MICRC-INSTRUCTIONe THESE ADDITICNAL USES OF 
THE & INPUTs ARE DIRECTED bY INSTRUCTION bITS IGs AND 15 TO 18.. 
JHEY WILL bE EXAMINED AFTER REVIEWING THE INPUT SELECTION GROUPS. 
REGISTERS @ THROUGH 15 CONSTITUTE THE ‘INTERNAL' ALU REGISTER 
FILEs WHILE CTKER INPUT ARE CONSIDERED "EXTERNALe' THE REGISTER 
FILE IS COMPCSED OF SIXTEEN 16 BIT REGISTERS» WHICH CAN bE 
USED FOR TEMPORARY PARAMETER STORAGE OR TC HCLD CONSTANTS FOR 
CALCULATIONS- 

THE EXTERNALLY SELECTED INPUTS ARE: 

CeADDRESS INPUT (FROM THE C-ADDRESS UNIT CONNECTED TO THE C BUS) 
[RFADDRESS INPUT (FROM THE D-ADDRESS UNIT CONNECTED TO THE D BUS) 
bY PERFORMING ARITHMETIC CPERATIONS ON THIS ADDRESS UNIT AND 
SETTING THE ADDRESS UNIT GRCUP TO ‘LOADs* ADDITION OF CONSTANTS 
AND bIT SETTING MAY mbE DONE IN ONE MICRO-INSTRUCTICN. 


CUTPUT SELECT CCNTRCL GRCUP 


THIS 1S A DESCRIPTION OF THE OUTPUT SELECT 
GROUP OF A CONTROL STORE WORDs IT'S ASSIGNMENT AND USAGE-« 
THE OUTPUT SELECT GROUP DETERMINES THE "DESTINATICN* 
REGISTER FOR AN ALU OPERATIONe EACH ALU OPERATION CAN 
INVOLVE TWO SOURCE CPERANDS AND SIX DESTINATION OPERANDS. 
THREE OF THESE DESTINATIONS ARE: 
THE Q REGISTER 
AN INTERNAL REGISTER 
AN EXTERNAL REGISTER 
THESE ARE SELECTED bY ALU RELATED CONTROL GROUPS. 
THE OTKER THREE: 
THE C-ADDRESS 
THE D-ADDRESS 
RANDOM REGISTERS 


ALU 


THESE MAY ALSC BE USED AS AN ALU DESTINATION REGISTER,» 
WICK WILL bE DECIDED THROUGH THEIR CWN PIPELINE bITS. 

WHEN AN "INTERNAL REGISTER IS DESIRED AS A DESTINA- 
TiO» IT 1S SELECTED pY THE ALU » INPUT SELECT FIELDs IN CON- 
JNCTION WITK THE ALU INSTRUCTION FIELD. 

“ WHEN THE Q REGISTER IS DESIRED AS A DESTINATIGN,s IT IS 

SELECTED THROUGH USE OF THE ALU INSTRUCTICN FIELD. 

WHEN AN “‘EXTERNAL* REGISTER 1S DESTINED TO RECEIVE 
JHE ALU OUTPUT WORDs THIS FIELD SELECTS WHICH ONE GETS IT. 
JHE FOLLOWING TAbLE INDICATES WHICH NUMBERS SELECT EACH OF THE 
EXTERNAL REGISTERSe ~ — " 

NOTE: GNLY ONE "EXTERNAL" REGISTER MAY sE WRITTEN TO 
WRING A SINGLE WICRO-INSTRUCTIONe SELECTING UNUSED CUTPUTS 
CAUSES NC ILL EFFECTS» AND IT 1S RECOMNENDED THAT #@ bE USED 
pS A DEFAULT WHEN NOT WRITING TO AN EXTERNAL REGISTER. 


THE ALU INPUT GROUPS SELECT THE FOLLOWING INPUTS: 


EXT/ INT SELe 3 SELe 2 SELe 1 SELe @ 


WEN 5bIT 4 IS LOW THE SIXTEEN REGISTERS TAKE EFFECT: 
Geese GH REGISTER ' 66802 REGISTER @ 
goeeegl 1H REGISTER @2@61 REGISTER 1 
@e81G 2H REGISTER REGISTER 2 
@GG11l 3H REGISTER @Q@G11 REGISTER 3 


Qne 8 
2 8 

& 

S&S 

_— 

& 


@G1ieo 4H REGISTER 4 2182 REGISTER 4 
@@161 SH REGISTER 5 @21@1 REGISTER 5 
@G11G G@H REGISTER 6 62118 REGISTER 6 
@@1i1 7H REGISTER 7 @@111 REGISTER 7 


i REGISTER S$ 61888 REGISTER @& 
REGISTER 9 @1@G1 REGISTER 9 
@1168N|¢H REGISTER 18 @1@1@ REGISTER 18 
“@IGLABALH REGISTER 11 21@11 REGISTER 11 
@11@@C\la@kh REGISTER 12  #$%1160 REGISTER 12 
@11Gi10\l3H REGISTER 13 21181 REGISTER 13 
@M111G¢Z14H REGISTER 14 @111@ REGISTER 14 
@ilililp\iSH REGISTER 15 @1111 REGISTER 15 


Suh a RS oo 7 a Na mr eA 
ZlSGEP1 UNUSED 
C1iGB1G UNUSED 
GlGG11 UNUSED 


@1018B ~ UNUSED 
@121G1 UNUSED 
G1 Z11@ UNUSED 
@lGli11 UNUSED 


Pease pened 


& INPUT Gare Bb INPUT ae CUTPUT SELECT 
wi 1 Gee UNUSED 
gl1gG1 UNUSED 
G@11e UNUSED 
11211 UNUSED 
11166 VP Mee. ER reye Spb es ot 
@l1igl UNUSED 
Bl111@ UNUSED 
11111 UNUSED 
W0O00 20h EMIT ' 16266 16H EMIT @ NULL 
126601 21H C-DATA 1G@@1 11h C-DATA 1 C-DATA 
WE21G 22H C-ADDRESS | 18016 12H C-ADDRESS @ UNUSED 
122611 23H D-bDATA™ 10211 13H D-DATA 3 D-DATA 
16@16B 24K D-ADDRESS ~~" )181@2 14K D-ADDRESS ~° 4 UNUSED 
1G1@1 25H RANDOM NUMbER 10161 15H RANDOM NUMe 5 UNUSED 
166118 26H UNUSED 12118 16H UNUSED ~~ @ UNUSED 
106111 27K C-INPUT US 1@111 17H C-INPUT BUS 7 UNUSED 
11020 26H UNUSED ~~ ~~~ 118@@ 18H UNUSED © '% UNUSED 
121001 29H UNUSED 11821 19H UNUSED. 9 UNUSED 
161218 2AK UNUSED 1112 1AH UNUSED A UNUSED 
121611 26H UNUSED 11@11 16H UNUSED b UNUSED 
10@11@0@ 2CK UNUSED” ~°~ 11100 1CH UNUSED © C UNUSED 
1@11@1 @DH UNUSED 11181 1DHK UNUSED Db UNUSED 
121110 2EH UNUSED 1111@ 1EK UNUSED E UNUSED 
131111 2FK PRESELECTED A-11111 1FH PRESELECTED F UNUSED 

bUFFER INPUT b-bUFe INPUT 
1BVG@WO0 SOH PRESELECT A. "OCU 16 PRESELECT A 
1@@G1 31K PRESELECT 6 11 PRESELECT 5 
11G@1@ 32H POSTFORMAT 12 POSTFORMAT 
110011 33H RANDOM COARSE FEEDBACK 13 RNDM COARSE F- 
116182° 34H RANDOM FINE FEEDBACK ~~ er 14 RNDM F 
11@1@1 35H MULTIPLY MCDE 15 MULTIPLY MODE 
11@11G 36H Le Se PRODUCT READ 16 MULTIPLY X INP 
11G111 37H Me Se PRODUCT READ 17 MULTIPLY Y INP 
111@@0° 38H EXTENDED PRODUCT READ 16 UNUSED 
111G@GZ1 39H LSI-11 OUT 19 UNUSED 
11119 3AH LSI=-11 IN 1A LSI-11 Ii 
W1@11 SbH C-D-bUS/DUFFER REGUEST lb CoD BUS/BUFe R 
111108 30H C-D-bUS/bUFFER GRANT ~° °° °° 1C UNUSED 
1111@1 3DK HORIZONTAL PIXEL COUNT 1D UNUSED 
11111@ 3EH VERTICAL LINE COUNT 1E UNUSED 
11111 3FH ALU STATUS 1F UNUSED 


ttt ete ee 


#0 REGISTER @ (REG)  ALU/SEQ 
Ree #1 REGISTER 1 (REG)  ALU/SEQ 
Se #2 REGISTER 2 (REG)  ALU/SEQ 
Ror eeene #3 REGISTER 3 (REG) ALU/SEQ 
#4 REGISTER 4 (REG) ALU/SEQ 
#5 REGISTER 5 (REG)  ALU/SEQ 
#6 REGISTER 6 (REG) ALU/SEQ 
#7 REGISTER 7 (REG) ALU/SEG 
#& REGISTER & (REG) ALU/SEQ 
#9 REGISTER 9 (REG) ALU/SEQ 
#10 REGISTER 18 (REG)  ALU/SEQ 
#11 REGISTER 11 (REG) ALU/SEQ 
#12 REGISTER 12 (REG)  ALU/SEQ 
#13 REGISTER 13 (REG) ALU/SEQ 
414 REGISTER 14 (REG)  ALU/SEQ 
as REGISTER 15 (REG) ALU/SEQ 
ne URES 
#17 UNUSED 
#18 UNUSED 
#19 UNUSED 
#2 UNUSED 
#21 UNUSED 
#22 UNUSED 
#23 UNUSED 
#24 UNUSED 
#5 UNUSED 
#26 UNUSED 
#27 UNUSED 
#28 UNUSED 
#9 UNUSED 
#38 UNUSED 
#31 UNUSED 
#32 ey nr a ne nea,” 
#33 C-DATA (REG) ALU/S EQ 
4 C-ADDRESS (REG) ALU/SEQ 
435 D=-DATA (REG) ALU/SEQ BOARD 
6 D-ADDRESS (REG) ALU/SEQ »CARD 
37 RANDOM (REG) SELECTCR BOARD 
#8 UNUSED 
#9 C-INPUT bUS (bUS) 
#4@ UNUSED 
ne #41 UNUSED 
( Bios #42 UNUSED 
pe #43 UNUSED 
#45 UNUSED £ A- 
#46 UNUSED 
#47 UNUSED / 
#46 PRESEMTED /9-bUFFER BUFFER bCARD (RCUTED 


INPUTS (BUFFER SELECTCR) THROUGH SELECTOR sCARD) 


— we ee we we we we we wm wm me oe ow om ow om oe me me oe me ee me wm em we me ee we we we we ee ew ee me we we ww we we we ww es ee 


hate 7" "ALU b&b INPUT REGISTER ~ 

#16 EMIT 

#17 C-DATA (REG) ALU/SEQ 

#1& C-ADDRESS - CREG) ALU/SEQ 

#19 D=-DATA CREG) ALU/SEQ BOARD 

#20 D-ADDRESS (REG) ALU/SEQ p»CARD 

#1 RANDOM (REG) SELECTGR bOARD 

#22 UNUSED 4 ; 

#23 C-INPUT bUS (BUS) 

#24 UNUSED * : 

#25 UNUSED 

#26 UNUSED 

#27 UNUSED 

#2% UNUSED 

#29 UNUSED 

#30 UNUSED 

#1 PRESELCTED b-bUFFER BUFFER pbOARD (RCUTED 
INPUTS (pUFFER SELECTOR? THRCUGH SELECTOR BOARD) 


BOARD LOCATIONS REGISTERS - CUTPUT SELECTED 


THESE REGISTERS ARE CONSIDERED ‘WRITABLES REGISTERS 
FROM THE OUTPUT GF THE ALU UNITe THEY ARE STROpbED ONE AT A 
TIME WREN SELECTED, AT THE ENL GF A CURRENT MICRC-INSTRUCTION. 


he ALU EXTERNAL REGISTER ~~” 
OUTPUT: BOARD: 
#6 iG. 
#1 C-DATA (REG) ALU/SEQ BOARD 
#2 UNUSED ; 
#3 D-DATA (REG) ALU/SEQ BOARD 
#4 UNUSED -2aTA (ow BYTE { 
#5 UNUSED) jee} 
#6 UNUSED) g- » (ow Vv 
__#7 NUSED) . «BW ROL ec Ts le AO AERA 
#8 UNUSED TERE ae a 
#9 UNUSED / 
#10 UNUSED 
#11 UNUSED ? pol O¢ (oven 
#12 UNUSED sf * 
#13 UNUSED \ 
#14 UNUSED 
as UNUSED 
#16 PRESELECT A °°” °° °° °°” GREG) ~~ SELECTOR BOARD — 
#17 PRESELECT 8B CREG) SELECTOR sOARD 
#18 POSTFORMAT (REG) | ALU/SEQ sCARD 
#19 RANDOM COARSE FEEDBACK (REG) SELECTOR »OARD 
#28 RANDOM FINE FEEDBACK (REG) SELECTOR pCARD 
#21 MULTIPLY MODE (REG) SELECTCR BOARD 
#22 MULTIPLY X INPUT (REG) SELECTOR sBCARD 
#23 MULTIPLY Y INPUT CREG) SELECTGR sOARD 
Fea UNUSED o . 
#25 UNUSED 
#26 LSI-11 IN (REG) 
#27 C-D=-BUS BUFFER REQUEST (REG) 
#26 UNUSED \ : 
#29 UNUSED 
#30 UNUSED 
1 UNUSED 


-G- 


LISCNAME: 0O 
FILENAME: PRESEL 
WDATED: 14-OCT-79 


ee PR EB Be bb et! OR BS 2S FT -e'R 


THE PRESELECT REGISTER IS USED FOR INPUTTING DATA FROM 
JHE IMAGE bUFFER TC THE ALU UNITe IT ACTS IN CONJUNCTION WITH 
TE ALU 'A-(OR »-) INPUT SELECT’ BITS IN THE PIPELINE REGISTER- 
WIEN THE INPUT SELECT bITS ARE SET TO '"PRESELECTED BUFFER 
INPUTS» * THIS REGISTER'S VALUE DETERMINES WHICH BUFFERS ARE TC 
bE READ INTO THE ALU INPUTe IT IS A FORM OF FINER SELECTICN,» ia 
LEVELOPED TO IMPLEMENT bUFFER-INDEPENDENT MICRO SUBROUTINES« | 
THESE MICRO SUsRCUTINES PERFORM ALGORITHMS WRITTEN WITHOUT 
REGARD TO THE PARTICULAR BUFFER INVOLVED IN THE OPERATION. THE 
BUFFER(S) MAY bE *HOCKED' ONTO THIS MICROPROGRAM THRCUGH USE OF 
THE PRESELECTs POST-FCRMAT AND REQUEST REGISTERS» WHILE THE 
ACTUAL OPERATION IS PERFORMED UPON THE C- OR D-bUS AND THE PRE- 
SELECTED INPUT(S)-. 


THE PRESELECT A- OR b- REGISTERS ARE FORMATTED AS: 


"ZERO" (608) 
BUFFER 
BUFFER 
bUFFER 
BUFFER 
BUFFER 
bDUFFER 
BUFFER 
BUFFER 


SRRKSQOoeae 
meee eOeagnx 
HK RQ B-Q+Ox 


NouhboneGB 


(ERATION: 


THERE ARE TWO PRESELECT REGISTERS» ONE FOR THE A=- AND 
QVE FOR THE pb-liWPUT TO THE ALU UNITe EACH IS LGADED TKROUGH AN 
ALU CPERATICNs AT LEAST GNE HICROINSTRUCTICN pbEFORE ITS IK- 
TENLED USEe 

THE PRESELECT REGISTERS ARE PROGRAMMED bY PLACING THE 
APPROPRIATE bIiT PATTERNS (SEL TAbLE 4) INTC THE FCUR INPUT 
POSITIONS (BY 4 bITS) CF A SIXTEEN bIT ALU INPUT VORDe A 
SPECIAL PROVISION IS INCLUDED» TO ‘MASK OUT' OR FILL WITH ZERGS 
UNUSED GROUPS GF FOUR pITS» WhEN INPUTTING A BbUFFERe THIS CAN 
bE hANDY WHEN ARITHMETIC CPERATIGNS ARE CALCULATED. WHERE THE 
‘CARRY CUT' OF THE FOUR pIT GROUP 1S ENCOUNTERED. 
f bY PROPER SETTINGS IN THE PRESELECT AND POSTFORMAT 
REGISTERS» MULTIPLE BUFFER COPY CPERATIONS MAY BE EXECUTED IN 
THE SAME AMGUNT OF TIME AS A SINGLE BUFFER COPY OPERATION. 


SAMPLE? 


LISCNAME: O 
FILENAME: PCST 
WDATEL: 21-NOV-&@ 


PONS To FOR MA UT RE 1G tl cS vb R 


ee ee eee 
See ee Se See Se SK SE Se SS Se SK SS SSS SSS Se eee eee See Ss = 


THIS REGISTER 1S USED FOR REPCSITICNING OR ‘FCRMATTING'® 
JHE CUTPUT CF THE ALU CUTPUT bITS+ THE NORMAL ASCENDING ORDER 
OF bIT (ZERO TO FIFTEEN)s ARE RE©ROUTED IN FOUR bIT "NIbBLES' 
TO MAKE UP A ‘PCOST-FCRMATTED* OUTPUT- IT IS AN ALTERNATIVE TO 
JHE SHIFT-AND-ROTATE OPERATIONS bY THE ALUs FCR REPCSITIONING 
GUTPUTS+ IT MAKES POSSIpbLE THE SWAP-bYTE OPERATICN IN A SINGLE - 
MICROINSTRUCTION» INDEPENDENT OF THE ALU CPERATION.- THIS POST- 
FORMATTING REGISTER CNLY HAS EFFECT UPON THE "EXTERNAL" RE- 
GISTERS (DOES NOT AFFECT THE REGISTER FILE OR THE Q-REGISTER)>» 
WE TO ITS PLACEMENT AT THE ALU OUTPUT. | Post 


THIS REGISTER IS ORGANIZED AS FCLLOWS: 


Be ee ae eter Sine 3 ! 2 ! 1 ! o } 
am see ea eS ae ae Se eee ee ene ES em Sav ev go ev oa ae Om FE Soe SS ma em Se ee se sah) ee en Na ae tern err rr er rm mm + 
Se Sacre 83 Se ee RT SR a ae St se 1 
pOST-FORMATTED OUTPUT bIT GROUPS (NIBBLES): 

peewee ee een ee ee teen ene ee ee ee ele + 
cou 15-12 ! 11-% Oe Cet 71-4 ! 3-2 ! 
qr et rrtr rrr tenn cose ter wen ene e eee ee Se + 


TABLE 5: 
Sl S@ 
gong gy Lev eis bd 
gop gig saanow oes a 
raceuees tuameses tanner ent aetna 
TT Rag anew BITS 18-18 


THE REGISTER IS LOADED THROUGH AN ALU OPERATION AND 
WHEN ENABLED» RE-ROUTES THE ALU CUTPUT BITS IN FOUR BIT GROUPS 
(QJIBbBLES)s TO FORM A NEW SIXTEEN bIT OUTPUTe THE RE-ROUTING IS 
SELECTED bY PLACING THE ALU CUTPUTS BITS (TABLE 5). INTO THE 
LESIRED OUTPUT BIT POSITICONS- THE REGISTER MUST BE LOADED (AT 
FAST) ONE MICRCO-INSTRUCTION PRIOR TO ITS USAGE- IT IS MAINLY 
USED FOR ALIGNING THE ALU CUTPUT»s pEFSRE SENDING IT ALONG FOR 
INPUT TO THE IMAGE BUFFERS- THE FOLLOWING ARE SOME EXAMPLES OF 
THE POSTFCRMAT REGISTER: 


12 SWAP BYTE OPERATICN: 
; ALU CUTPUT = 2345 HEXADECIMAL 
DESIRED CUTPUT = 4523 HEX 
POST-FORMAT REGISTER WOULD bE SET TO @100111@ mbINARY = 4E HEX 
2) OUTPUT FCUR REPITITIONS OF THE LEAST SIGNIFICANT BITS G-3: 


ALU OUTPUT = SE37 HEX 
DESIRED OUTPUT = 7777 HEX 


POST~FORMAT REGISTER WOULD bE SET TO O0G20020 BINARY = @2 HEX 


ARITHMETIC/LOGIC UNIT CUTPUT BITS: 


ANY NIppLE (OF FOUR bITS) OF THE ALU OUTPUT MAY BE RE-ROUTED TO 
ANY NisbLE OF THE POST FORMATTED OUTPUT. 


FIGURE 5:3 


LISCNAME: © (So 
FILENAME: ADUNIT | 
ULATED: 31-uUL-79 


ALD Do Rie SiS UN T CO NT ‘RO. GROUPS 


THE ADDRESS UNITS CONSIST CF le p1IT UP/DOWN COUNTERS. 
THEY HAVE FIVE MAJOR MODES OF OPERATION+ THESE ARE: 


1) CLEAR CURRENT ADDRESS TO ZERO 

2) INCREMENT ADDRESS BY ONE (CCUNT UP) 

3) DECREMENT ADDRESS bY ONE (CCUNT LCWN) 

4) LCAD IN &A VALUE PRESENT AT THE ALU CUTPUT 
5) HOLD - DO NOTHING - HOLD PRESENT ADDRESS 


THE C-ADDRESS USES P61-Pée4ds THE D-ADDRESS P65-6%- 
THESE FIVE MCDES ARE ACTIVATED BY THESE pIT PATTERNS 
IN THE ADDRESS UNIT CONTROL GROUPS: 


ENABLE/ LCAD/ UP/ 


KOLD CCUNT DCWN CLEAR 
(MSb) SSH Se Se aaa S See e See SS SSS SSS SSS SSeS SSS SS SSSSSSea (LSB) 
: 1 x x 1 CLEAR 

1 @ 1 an) INCREMENT 

1 Ge” aso @ G DECREMENT 

1 1 x G LOAD 

@ oe x x HOLD 


A ONE IS A HIGHs A ZERC IS A LOWs AND AN 'X* IS A DON'T CARE 
CONDITION. — : 


EACH ADDRESS UNIT MAY bE CONTROLLED INDEPENDENTLY OF 
THE OTHER» AND MAY TAKE IN THE SAME ALU CUTPUT DURING THE LCAD 
CPERATIONe ALL CPERATICNS CF THE ADDRESS UNIT TAKE EFFECT AT 
THE END OF THE CURRENT MICROINSTRUCTIONe THE ALU CUTPUT IS ALSO 
AVAILABLE AT THE END OF THE CURRENT MICROINSTRUCTION» ENABLING 
ARITHMETIC/LOGICAL CPERATIONS TO bE PERFORMED IN ONE MICRO- 
CYCLE» UPON THE CONTENTS THE ADDRESS REGISTERe THIS IS USED TO 
CALCULATE VERTICALLY RELATED CFFSETSs AND MORE COMPLEX ADDRESS- 
ING SCHEMES WHEN INCREMENTING OCR DECREMENTING ARE INAPPRCPRIATE« 
ADDITION OF A VERTICAL OFFSET (126 PIXELS) MAY bE ACCCMODATED 
bY THESE STEPS: A 
PLACE THE ‘EMIT® GROUP A 12% DECIMAL 

THE ALU A INPUT AT ‘EMIT’ 

THE ALU b&b INPUT AT C-ADDRESS (OR D-ADDRESS) 

C-ADDRESS UNIT TO LCAD ; 

THE ALU INSTRUCTION TO A PLUS 5 
JHE CURRENT VALUE CF C-ADDRESS UNIT WILL bE ADDED TO THE VALUE 
OF THE EMIT GROUP (128 DECIMAL)» AND THEN RELCADED INTO C-AD- 
TRESS UNIT-e THIS ADDITION ADDRESSES THE PIXEL JUST BELGW THE 
PREVIOUS CNE- Ney ? 


C-d-BwS 
Appeess 
ComT Ror 
vMIts 


LISCNAME: 0 
FILENAME: pUSCON 
WLATED: 31-JUL-79 
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THE bUS CONTROL GROUPS CONNECT TO THE C AND D BUSES OF 
THE BUFFER MEMORIES» THESE CONTRCL LINES ARE TAPPED DIRECTLY 
OFF THE PIPLINE REGISTER» AND SENT TG THE BUFFER READ/WRITE (L) 
AND THE BUFFER ENABLECL) LINE FOR EACH OF THESE TWO BUSES- THEY 
TETERMINE THE MODE OF THE BUFFER» WHEN THE BUFFER 1S CONNECTED 
TO THAT CONTROL bUS+- THESE CONTROL BITS TAKE EFFECT AT THE bE- 
GINNING OF THE MICROINSTRUCTICNs AND LAST FOR THE DURATICN OF 
THE INSTRUCTIGN CYCLE. THE D-bUS IS USED ONLY FOR bUFFER CPER- 
ATIONS- THE D-nUS CONTROL bITS SET UP THREE MCDES: 


1) READ CYCLE: 

: THE bUFFER CONNECTED TC THE C OR D BUS ACCESSES THE 
LOCATICN IN THE RESPECTIVE ADDRESS UNIT» THE CUTPUT IS 
AVAILABLE AT THE END OF THE MICRCCYCLEs AND IS LATCHED 
AT THE CUTPUT OF THE bUFFER- 

@) WRITE CYCLE: 

/ «BUFFERS CONNECTED TO THE CONTROL BUS PERFORM A WRITE 
CYCLE- DATA PRESENT CN THE DATA INPUT BUS IS WRITTEN 
INTO THE LOCATION PRESENT CN THE ADDRESS BUS» THE DATA 
PRESENT AT THE BEGINNING OF THE MICROINSTRUCTICN TAKES 
EFFECT FOR THE DURATION OF THE MICROCYCLE. THE LCOPED- 
AROUND DATA 1S AVAILABLE AT THE bUFFER OUTPUT AT THE 
END OF THE CYCLE. 

3) DISABLE: 

"ss THE BUFFER IS PLACED INTO A DISABLED STATE» THE OUTPUT 
OF THE PREVIOUS CYCLE 1S HELD DURING A BUFFER DISABLE. 
READ OR WRITE CYCLES ARE NOT PERFCRMED WHILE THIS sUS 
IS CONNECTED TO THE bUFFERs BUT THE bUFFER CONTENTS 
REMAIN UNCHANGED (STORED DATA IS NCT LOST). 


L-sUS CONTROL USE PIPELINE sITS P73. P74e¢ THESE THREE MODES ARE 
ACTIVATED WITH THE FOLLOWING BIT PATTERNS IN THE CONTROL GROUP: 


READ/ 

WRITECL) ENABLECL) 

x 1 DISABLE 
@ @ WRITE 


— 
ene. 
mh 


LISCNAME: O 
FILENAME: PIXREG 
EVTERED: 4-AUG-79 


PIAEL PROCESSOR REGISTER 


REGISTER A-IN 3F HEX 


bIT @ - CARRY 

bIT 1 - CVERFLOW 

b1IT 2 = ZERCG STATUS 

b1IT 3 = NEGATIVE 

b1iT 4 = SHIFT IN/OUT LSb 

bIT 5 - Q@ REGISTER SHIFT IN/OUT LSpb 
bIT 6 = SHIFT IN/OUT MSb 

bIT 7-- @ REGISTER SHIFT IN/OUT MSb 
bIT &8 - 15 UNUSED i 


LISCNAME: © 
FILENAME: CBUS 
WDATEL: 24-NCV-uG 


i — ee 


THE C-nUS CONNECTS AND INTERFACES TC SCME GENERAL PUR- 
POSE ELEMENTS» LIKE THE 4K bY le BITS READ/WRITE SCRATCH-PAD 
MEMORY « ITS STRUCTURE: 


1) A 16 bIT ADDRESS bUSs DRIVEN BY THE C-ADDRESS REGISTER. 

2) A 16 BIT DATA OCUTPUTs DRIVEN oY THE C-DATA REGISTER. 

3) A 16 sIT DATA INPUT bUSs ENTERING THE ALU INPUT 
“SELECTCRSs A AND b& INPUTS. : 

4) A 4 wIT CONTROL bUS» FOR MANIPULATING LATA FLOW ON THE 
“DATA AND ADDRESS LINES DRIVEN bY THE ALU/SEQUENCER 
PIPELINE REGISTER. ; 


THE CONTRCL »bUS IS DEFINED AS FCLLOWS :— 


i 
ap .5 

C=nUS C-BUFFER BUFFER READ/ C-BUS WRITEKL)D 

EVABLE(L) ENABLECL) WRITECL) C=-bUS REALCL) 

PbIT P69 °° BIT PTB 1 BIT P77) 1 5IT P72 (MSB) 

TABLE: 

C-bUS bUF+R/W bUFFER C-bUS 

READ(L) bUS W(LJEN(L)  ENCL) 

P72 °  @©69— P71 P70 ~ P69 ~ FUNCTION: 

Q “B 2 @ 8 C=BUS READ»C-5US WRITsbUFe WRIT 

g g g 1 1 BUFFER WRITE . 

g g 1 @ 2 C-BUS READ 

@ @ 1 1 3 DISABLE 

Baye TRS agg 12 poh ae ee a eee YD BUReee unite 

g 1 g 1 5  \SUFFER READ 

g 1 1 G@ 6 C+bBUS READ # 

g 1 1 1 7 DISABLE 

1 3B ‘f° BB MG ebUS WRITE BUFFER WRITE 

1 g g 1 9 BUFFER WRITE + | 

1 9 1 @ MA C-BUS WRITE €—? 

1 @ 1 1 go DISABLE 

1 irene ae giirthes: @ @C BUFFER READ 

1 1 g 1 4D »bUFFER READ « 

1 1 1 @ @E DISABLE 

1 1 l 1 $F DISApLE (DEFAULT) ? 


RESERVATION: ROWS 122235 AND 5 ARE PRONE TC ERRONEOUS RESULTS. 


THE OPERATION OF THE BUS CAN bE EXPLAINED sY EXAMINING 
THE READ AND WRITE »bUS CYCLES AS EXAMPLES CF THE BUS" > 
(ERAT ICN: H 


READ CYCLE: 
1) SETUP THE DESIRED MEMORY ALLRESS sbY PLACING IT IN 
THE C-ADDRESS REGISTER» THROUGIi AN ALU OPERATION. 
2) IN THE PIPELINE REGISTER: PLACE bUS ENABLECL) AT 
* LOwWs INDICATING A BUS OPERATIGN» AND C-»nUS READ(L) 
AT LOWs INDICATING A READ CYCLE. 
3) WAIT FOR MEMORY ACCESS. 

4) TAKE IN THE ACCESSED DATA THROUGH THE C DATA INPUT 
' bUS THROUGH THE A OR & INPUT SELECTORS CF ThE ALU. 
5) IN THE PIPELINE REGISTER: PLACE ‘pUS ENApDLEC(L)" AND 
' C-pUS READCL) AT A HIGH LEVEL» MARKING THE END OF 

THE CURRENT BUS CYCLE. 


WRITE CYCLE: 
; 1) SET UP THE DESIRED MEMORY ADDRESS» IN THE C-ADDRESS 
REGISTER» THROUGH AN ALU OPERATION. 
2) SET UP DESIRED DATA TO bE WRITTEN IN THE C-DATA 
“ REGISTER. ~ 
3) IN THE PIPELINE REGISTER: PLACE sOTH BUS ENABLECL) 
AND TKE C-bUS WRITE(L) BITS AT A LOWs INDICATING 
A bUS WRITE CYCLE.) — 
4) WAIT FOR TKE WRITE CYCLE'S COMPLETICN. 
5) IN THE PIPELINE REGISTER: PLACE BUS ENABLE BIT AT A 
’" HIGH LEVEL AND THE C-sUS WRITE BIT HIGHs ENDING THE 
CURRENT pUS CYCLE. — 


C-pUS ADDRESS MAP 


LE SSi8 
ADDRESS MAP @ °° °° °°” : 
215 Y a | x @: 255 
5 Fett acl la he els da hese a i ila 
K : ADDRESS MAP 1 3 
» &) 15 Y 37 x @: 511 
<i Sept arent ene Fe ont 1) Tee nea ee ree 
Sey : 3 
» : FREE : 767 
NK KR wee ene ee neen-e------- ssdaniecunaaneursuiaraia 
FREE : 1023 
‘SCREEN OFFSET XB = 3 81004 
SUREEN OFFSET YO ~°° = 3 joLS 
& ’ SCREEN OFFSET X1 ~~ 3 lott re 
& Qh Can) 203. as RM ay ame i: . 
Ba RD ag ag (Oe) | 
FREE : 
Ra Ui arta ss adres RE 2OUX. 
Pa) cOSRMIMIRO ar RI a: NEUSE t 
Mo ke a ad ie nea 4 
< FREE 2 SSS fr~b OF 
job ks sh cise non ston na Ls ps “alte lous ci: en ts re bn we! Wit se “chi ———— a) 
ie mL Ae RN ea ONL. alk Ne: CAvs /2 A'7 
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bUFFER READ 
C-pUFFER WRITE 
U-bUS READCL) BUFFER 


by Sle 


LISCNAME: 0 | 
FILENAME: RGRANT 
WDATED: 24-NCV-8@ 


THE REQUEST REGISTER 1S USED bY TiiE VIDEC PROCESSOR, TO 
REQUEST USAGE GF ONE OR MCRE IMAGE pbUFFERSs ON THE C- CR Debus. 
IF THE REQUEST IS CF THE HIGHEST PRIGRITY THE BUFFER WILL 
CONNECT ITSELF TO THE DESIRED bUSs WITHIN ONE bUFFER CYCLE. THE 
CONNECTING IS HANDLED pY THE PRIORITY LOGIC ASSOCIATED WITH 
FACH bUFFER-+ THIS CONNECTION MAY bE VERIFIED bY THE VIDEO 
PROCESSOR bY COMPARING THE CONTENTS OF THE REQUEST REGISTER TO 
THE GRANT REGISTER. IF THEY ARE IDENTICALs ALL REQUESTS WILL BE 
GRANTED» AND THE bUFFERS WILL bE CONNECTED TC THE REQUESTED 
BUSCES)+ A TEST bIT» AVAILABLE TO THE SEQUENCER CALLED THE 
REQUEST=GRANT bITs 1S LOW WHEN THE REQUEST REGISTER IS EQUAL 
IN CONTENT TC THE GRANT REGISTER» AND HKIGK CTHERWISE- IT IS A P 
CONVENIENT WAY OF ACTIVATING SUbPROGRAMS UPON CONNECTION OF THE WF 
BUFFER(S )» bY USING CONDITIONAL SEQUENCING OF THE MICRCPRCGRAM- REQ 


Tian op a ar at. he ser ne Se ace Set arin aniey = teh te ay eee Se ice te a a i ie hi te tS baat pate a I 
! BUFFERS 7-65 D BUS REQUESTS» !° bUFFERS 7-@+ C BUS REQUESTS 
ahs tE4o Y OME 
REQUESTED = NOT REQUESTED ¢ -@—<ZER0) 


THE GRANT REGISTER: A-IN = 30 HEX 


I------------------------------- l------------------------------ I 
S15) PA POY Ve Tre et “SOPs oe Ta eS Sore aon rset 2 pre 
Jaen rr nr rn nnn Tn nn nr re enn ee I 
COPY Cr SOY Bows ee eee bo Pie Sieh AP AS OS AP ckeirg 
wi------------------ oon n- 2-2-1 ----- +--+ --- +--+ == -- =] 


I 
! BUFFERS 7-0. D BUS REQUESTS» ! ‘BUFFERS 7-@s C BUS REQUESTS 


VERO 1 OMe 
REQUESTED = NOT REQUESTED = @=—¢#5RO6> 


hy atioie 


WHEN SETs THESE BITS REQUEST CONNECTION OF AN IMAGE 
BUFFER TO C= GR D- bUSESs OCRIGINATING FROM THE VIDEO PROCESSOR. 
JHE GRANT REGISTER INDICATES THE SUCCESS OF THE REQUEST+ THE 
REQUEST bIT MUST bE HELD AT A ONE FOR THE DURATION OF ACCESS TO 
A bUFFERe IF PLACED AT ZERO» THE BUFFER IS FREE TO CONNECT TO 
CTHER DEVICES (LSI-lls X-Y GENERATOR» ETCeee)d. 


DISCNAME: O 
FILENAME: MULTIP 
WDATED: 24-NOV-&O 


HIGH SPEED MULTIPLIERS 


ADDRESS RE-ASSIGNMENT IS ACHIEVED BY THE USE OF A HIGH 
SPEED DIGITAL MULTIPLIERS- THE TASK OF SKIPPING PIXELS IS THEN 
ACCOMODATED THROUGH ROUND-OFF AND TRUNCATICN ERROR OF THE 
MULTIPLIER. 

" IN SCAN PROCESSING FCUR QUADRANT MULTIPLIERS ARE USED 

7O AMPLITUDE MODULATE THE DEFLECTION RAMPS» RESULTING IN A 
MODULATION OF THE DISPLAYED RASTER- 

IN BUFFER SCANNING TWO DIGITAL RAMPS ARE USEDs ONE FOR 
THE HORIZONTAL AND CNE FOR THE VERTICAL AXES- THESE RAMPS ARE MULTI 
ROUTED TG THE ADDRESS INPUTS OF THE bUFFER»s WHICH TIMES THE f 
INFORMATION CONTENT TO THE VIDEO TIMING (SYNCHRONIZATION) SIGNALS- 
: COMPRESSION AND EXPANSION CF A pUFFERED IMAGE REQUIRES 
MJLTIPLICATION CF THE ADDRESSING RAMPS» FOLLOWED BY A DIGITAL 
AUTCMATIC GAIN CONTROL. MULTIPLICATION DETERMINES A SLOPE OR 
MITE.COF ADDRESSING THE STORED IMAGEs EXPANDING ITS SIZE BY A 
SLOWER ADDRESS SCANNING WHILE COMPRESSING iT BY A FASTER ONE- 
THE AUTOMATIC GAIN CONTRCL ASSURES A FULL READ-CUT CF THE 
ADDRESSED IMAGE SPACEe THE SKIPPING OF PIXELS 1S DETERMINED bY 
MJLTIPLICATICNs FOLLOWED bY AN AUTOMATIC GAIN CONTROL. CTHER 
RESTRAINTS SHOULD INCLUDE MULTIPLICATION BY RATICNAL OR 
FRACTIONAL NUMBERS» TO AVOID GROSS CHANGES IN PICTURE SIZE 
a/2 SIZEs 1/3 SIZEs 1/4 SIZE ETC). 5 . 
el “A PSEUDO RANDOM NCISE GENERATOR CAN bE IMPLEMENTED WITH 
A VARIATIGN ON A SHIFT REGISTER WITH FEEDBACK» ITS NEXT INPUT 
DETERMINED bY ADDITION OF CHCSEN BITS OF IT'S CUTPUTs THE 
SHIFT REGISTER MAY BE LOADED CR CLEARED DURING THE HORIZONTAL 
OR VERTICAL BLANKING INTERVALS TC ALLOW A "SYNCHRONIZED" OR 
FRAME LOCKED NOISE SOURCE. bY VARYING THE LENGTH OF THIS SHIFT 
REGISTER AND ITS FEEDBACK PATHS» DIFFERENT SEQUENCE LENGTHS MAY 
BE ObTAINED- THE FREE RUNNING MODE, DRIVEN BY AN X/Y¥ CLOCK. 
WOULD GENERATE AN UNLCCKED NCISE SOURCE CAUSED BY MISMATCHKING 
THE PSEUDO RANDOM NOISE SEQUENCE TO THE VIDEO LINE/FIELD BLANK- 
ING RATE+ MULTIPLE SHIFT REGISTERS COULD GENERATE LARGER "NCISE 
({ORDS»' CR THE SHIFT REGISTER'S INSTANTANECGUS PARALLEL OUTPUT 
COULD BE MAPPED TO GENERATE LARGER WORDS- 


HARDWARE NULTIPLIER/ACCUMULATOR UNIT 


THE ALU SECTION CONTAINS A HIGH SPEED MULTIPLIER/ 
ACCUMULATOR WHICK IMPLEMENTS 16 sIT bY 16 BIT MULTIPLICATION, 
AND SUM OF PRODUCT CCOMPUTATICNSe THESE FUNCTIONS ARE USEFUL 
FOR CALCULATING INFINITE SERIESs AVERAGE INTENSITYs AND FADING 
TWO IMAGES ON A PIXEL bY PIXEL BASIS. 

“ THE MULTIPLIER IS ACCESSED THROUGH *EXTERNAL" REGISTERS 
aT THE OUTPUT CF THE ALU. WITH RESULTS AVAILABLE CN THE A-~ 
INPUT HALF CF THE ALU. 

THESE REGISTERS ARE: 


1) A 'MODE' REGISTER 

“THI§ REGISTER SETS THE MULTIPLIER MODE» SELECTING TwO's 
COMPLEMENT/MAGNITUDE ONLYs ROUNDED RESULT/TRUNCATED 
RESULT» AND STRICT MULTIPLICATICN/SUM OF PRCDUCTS- 

2) THE 16 BIT 'X* CPERAND (X-INPUT? 

3) THE 16 BIT “Y* OPERAND CY-INPUT) 

“WHEN SET TC MULTIPLYs THE PRODUCT IS THE RESULT OF 
MULTIPLICATION GF THE X AND Y INPUTS TO FORM A 32 bIT 
PRODUCT* THIS PRODUCT IS CONTAINED IN TWO 16 BIT REG- 
ISTERS» ACCESSED THROUGH THE A-INPUT SIDE OF THE ALU 

4) THE MOST SIGNIFICANT PRODUCT REGISTER (MSP) 

“CONTAINING THE UPPER 16 bIT PRODUCT 

5) THE LEAST SIGNIFICANT PRODUCT REGISTER (LSP) 
CONTAINING THE THE LOWER 16 bITS OF THE PRODUCT * 


WHEN IN THE ACCUMULATE MODEs THE PRCDUCT FORMED IS 
AVAILABLE TO THREE ACCURACY bITSs ACCESSED THROUGH THE 
A- INPUT SIDE OF THE ALU: 


6) THE EXTENDED PRODUCT REGISTER (XTP) 


“CONTAINS THE EXTENDED bITS OCF ACCUMULATE OPERATIONS 
IN ITS LEAST SIGNIFICANT THREE bIT POSITIONS- 


Fe YOU VA FyhAT MEAD MIP ) TNE UP (Fimiet om LSP LATE 


MULTIPLIER MCDE REGISTER 


qenrnrnrerwrrrrrrrrr- teow wr en nner nrrerrer=- tewrwnnnrn nr err ere2%=2+2< terre wm wm ewe ew ee ee = 
i 3 ! é y 1 ! @ ! 
jonas eee ete were t<aenrnr3nnrwrnrnrerrrrr- pewrwnr nw eer nr wren ee = -~3wr rw nnn wenn n ere ee 


IACCUMUL/NULTIPL! SUpSTRACT/ALL ! RCUND/TRUNCATE! TWC'S CChPLILWT 
ThE MULTIPLIER MCDE REGISTER 1S USED TO SET UP THE 

(PERATING NCDE OF ThE RARDWARE MNULTIPLIER/ACCUNULATOR + 

THIS REGISTER 1S ACCESSED AS AN ‘EXTERNAL' ALU REGISTER 

AND 1S FOUR bITS IW WIDTH. IT MAY ALSO BE READ BACK bY THE 

@LU THROUGH THE A-INPUT SIDE. 
ITS FCUR BITS ARE: 

blT @ - TWC COMPLEMENT/UNSIGNED MAGNITUDE (Ld 
ThIS bIT WHEN SET PLACES THE MULTIPLIER INTC 
TwC'S CCMPLEMENT MODE- NUMpERS ARE REPRESENTED IN A 
TWG'S COMPLEMENT SIXTEEN b5IT WORD» WITH THE MCST SIGNI- 
FICANT bIT sEING ThE SIGN pbITe WKEN IN *NCN-ACCUMULAT- 
ING MOLDE* THE SIGN bIT IS CARRIED OVER TC ALi bITS CF 
THE "EXTENDED PRODUCT REGISTER'» AS WELL AS THE TOP olT 
OF THE 'MCST SIGNIFICANT PRODUCT’ REGISTER- 
WHEN LOWs THE MULTIPLIER 1S PLACED IN UNSIGNED MAGNI- 
TUDE NCTATIGN GF SIATEEN pITS WILTH- 

‘plT 1 - RCUNL/TRUNCATE (L) , 

i WHEN SET» THE MULTIPLIER 'RCUNDS* THE PRODUCT bY ADDING 
CNE TO MSp CF ThE LEAST-SIGNIFICANT-PRODLUCT (LSP) 
REGISTERe THIS 1S EQUIVALENT TO THE ADDITION OF ONE 
HALF WITH THE ‘sINARY PCINT' ASSUMED TC SE wETWEEN THE 
LSP AND MSP REGISTER. WHEN LOW THE MULTIPLIER TRUNCATES 
(DCES NCT RCUND) THE mOST SIGNIFICANT PRCLUCT- 

plT 2 - SUsTRACT/ADD (L) 

f pIT & OPERATES IN CCNwUNCTICN WITK pIT 3+ WHEN bIT 3 
1S SET TO ‘ACCUMULATES MODE. THIS pIT DETERMINES 
WHETHER A 'SUm CF PRCLUCTS' (ALD MCLE) CR A ‘DIFFER 
ENCE CF PRODUCTS' (SUeTRACT MCLE) IS FORMED DURING 
SUCCESSIVE STEPS IN THE ACCUMULATICN- | 
ADD = @» SUs = 1 | 

bIT 3 - ACCUMULATE/MULTIPLY (L) | 

. THIS pIT SELECTS pETWEEN A SIMPLE PRCLUCT (MSPsLSP = 
X-lN * Y-IN)J» CR AN ACCUMULATICN CF PRCDUCTS: 
IN ADD MODE: P(N) = XCND * YONI + PCN-1) | 
IN SUp MCDE:s P(N-1) - XCN)I * YCND | 
P IS A SUpSCRIPT MULTIPLICATICN 
N IS THE CURRENT MULTIPLICATICN 
Nel IS ThE PREVIUCS MULTIPLICATION 


P(N) IS READ pACh AS A 35 BIT PRCDUCT 


LSpb = LEAST SIGNIFICANT 16 bITS 
MSb = MCST SIGNIFICANT 16 bITS 
XTp = EATRA CACCURACY) b1ITS 


FOR ALLITICNAL INFCRMATICN SEE THE TRW SPEC SHEET FCR TLC 12180 


LKISCNAMEs: X 
FLLENAME: RANDOM. DOC 
WLATEL: 21-CCT-79 


RAWN DCM NUMbER OcBON EB RA TGR 
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THE PIXEL PRCCESSCR CONTAINS A HIGH SPEED RANDOM NUNSER 
GENERATCRe IT iS ACCESSIpLE FCR NCDIFYING THE RANDOM NUMBER 
SEQUENCE liv LENGTHs SPELD CF GENERATICNs AND STARTING VALUE 
(SLED). IT 1S CONSTRUCTED CUT OF A SIXTEEN sIT SHIFT REGISTER 
RIT AN INPUT DEKIVED FROM A SELECTED COMsINATICN CF THE CUR- 
RENT CUTPUT+ THIS SHIFT REGISTER MAY bE LOADED (SEEDED) FROM 
Dik ALU UNIT OF THE PIXEL PRCCESSOR- A SINGLE STEP CLOCK STEPS 
UNDER PROGRAM CONTROL TC THE NEXT NUMbER IN THE SEQUENCE. 

THE FEEDbACK PATH IS DERIVED py SELECTING UP TO FOUR 
plTS OF THE CURRENT OUTPUT» AND EXCLUSIVE-ORING THEM TO FCRM 
JAE INPUT TO THE SHIFT REGISTER+ bY CHOCSING APPROPRIATE FEED- 
rACK PATHS.» THE LENGTH OF THE SEQUENCE MAY bE VARIED. WITH THE 
LEAST SIGNIFICANT bITS CF THE CHCSEN LENGTH pbEING THE CUTPUT. . 

FOR PROPER CPERATIONs ThE ‘SEED’ NUNDER MUST NOT BE ALL 
zZEROS+ IF IT WEREs THE SEQUENCE WCULD bE CONTINUCUS ZERCS (NCT 
THAT RANDOM A PATTERN) -« 

THE LONGEST SEQUENCE POSSIpLE WITK THIS RANDOM NUMBER 
GENERATOR IS: (2**N)-1 (TWG TC THE NTH POWER MINUS CNE)- WITH 
LENGTH AND SEQUENCE IS DETERMINED pY THE SELECTED FEEDBACK 
PATTERN CHCOSEN- THE SEQUENCE MAY bE SHIFTED FROM ITS STARTING 
POINT bY LOADING A NEW ‘SEED’ NCT EQUAL TC ZERO. FCR BUFFER 
ALDRESSING THE THE 16 biT SEQUENCE IS LONGER THAN NEEDED IN THE 
STANDARD ‘VERTICAL SPLIT MODE'+ THIS MODE NEEDS (2**14)-1 
PIXELS» OR 1634%4¢16h)- SETTING ThE SEQUENCE LENGTH TO 14, 
GENERATES 16383 OF THESE ALDRESSES» THE MISSING ADDRESS sEING 
TiE UblQUITOUS ZERO. 


RANDOM NUMpER MODE - PIPELINE CCNTRCL GRCUP 


THE RANDOM NUMbER MODE IS CONTRCLLED THROUGH TWO BITS 
OF THE PIPELINE (P75 AND P76)- THESE pbITS FUNCTION ALONG WITH 
JHE TWO FEEDSACK REGISTERS» TC SPECIFY CPERATICN OF THE RANDCM 
NUMpbER GENERATOR+ THE sb1ITS ACT AS SHOWN IN TABLE BELOW: 


TABLE 1:3: PIPE76 PIPE75 
w 7 HOLD 
5) 1 SHIFT SEQUENCE LEFT 
1 a) SHIFT SEQUENCE RIGHT 
1 1 LCAD (FROM ALU OUTPUT) 


EACH ALU CLOCK WILL RESULT IN ONE EXECUTION OF THESE 
CONTROL bITSe 
EXAMPLE: P76 = @ 
P75 = 1 
EACH ALU CLOCK ADVANCES THE SEQUENCE bY CNE SHIFT LEFT. 


RAN . 


- 


FEEDBACK bIT SELECTICON 


THE FEEDBACK PATH IS DERIVEL FROli THE CURRENT CUTPUT 
bY USE CF TWO SETS OF SELECTORS: A COARSE SELECTORs AND A FINE 
SELECTORe bOTH ACT TOGETHER AS A SINGLE LARGE SELECTOR TO 
FORM THE NEXT INPUT TO THE SHIFT REGISTER (THE FEEDBACK o5I1T). 


CCARSE FEEDBACK REGISTER 


JTilS REGISTER 1S USED TC SELECT THE FEEDpACK PATH CF TKE CCARSE 
SELECTCRe THE COARSE SELECTOR CKCCSES FOUR bITS CF THE CURRENT 
SIXTEEN pIT RANDOM NUMbDER- THESE pbITS ARE PASSED ALONG TC FINE 
SELECTOR FOR EXCLUSIVE-CRING TO FORM THE ‘FEEDbACK pIT'+ THE 
FOUR p1TS ARE SELECTEDs pY PLACING THE APPROPRIATE NUMbER (SEE 
TipLE 2) INTO THE CCARSE-SELECT-REGISTER- 

JHE REGISTER 15 CUTLINED bELCW: 


1 $3252 TSHE.YSS2S3 1S] 1Si: 358° 353.262 151 1386 SS tS)e1 Si tSet 


! bIT #3 ! b1lT #2 - ! poIiT #1 ! BolT #@ ! 
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FINE FEEDBACK REGISTER 


THIS REGISTER FURTHER "FINE SELECTS' THE COARSE SELECT- 
ED bITS (BITS Gs 1s 2 AND 3)5 FOR INCLUSICN IN THE CALCULATION 
OF THE ‘FEEDDACK bIT'e THE FEEDBACK bIT 1S DETERMINED bY SEL- 
ECTIVELY EXCLUSIVE=-CRING CONE bIT ADDITIGCN) THESE bITS: 


REGISTER? 
bITS 15-4 UNUSED aay elt OF wer a et es 
. : ! EN ! EN ! EN ! EN ! 


USE THE b1ITS IN ASCENDING CRDER (FIRST bIT FIRSTs ETC). 
JKE POSITION OF ELXOR (+) HOWEVER», IS NOT DEPENDENT ON THE biIT 
POSITION» OCR GN EWTERING CF THE bITS (bIT 1 (+) BIT 2 (+) bIT 4 
sbiT 4 (+) BIT 1 64) SIT 2d- 

v SETTING THE bIT ‘*ON* INCLUDES IT IN THE FEEDbACK BIT. 
THE ALL ZERC NUMBER IS NOT NORMALLY USED- FEEDbACK BITS Gs 1. 
2 AND 3 REFER TO THE BITS SELECTED bY THE CCARSE FEEDBACK RE- 
GISTERe 


TABLE 3: 

1bIT 3°  ~—~—COiaY BIT 2! SIT 1 1 BIT B YRESULTING FEEDBACK BIT 
1 EN ! EN ! EN 1 EN !(TO RANDOM REGISTER INPUT) 
moe. to Oe | ae !"ZERO* (@) 

! g 3 @ ! g ! 1 !651T f° 

! o3 @ ! 1 ! @ ts61T 1 

! 3 @ ! 1 ! 1 !n1T @ EXOR BIT 1 

aon OS aS eR @ LuIT 2 

1 a ! 1 ! @ ! 1 tblT @ EXCR bIT 2 

! | 1 ! 1 ! @ 'nbIT 1 EXOR bIT 2 

! @ ! 1 ! l ! 1 !pIT @ EXOR bIT 1 EXOR BIT 2 
nn a) oe Paes ! @ YoIT 3 

! eou4 @ ! g ! 1 tpbiT @ EXOR bBIT 3 

{ t. 3 @ ! 1 ! @ !'nIT 1 EXOR bIT 3 

! 1 ! g ! 1 ! 1 tsIT @ EXOR BIT 1 EXOR BIT 3 
“gaacle (Ghai Ueaeeiiy Topalaiie RRM me Bowing PEAS Fe Te ge eS de | 

! eras | 1 ! @ ! 1 'sIT @ EXOR bIT 2 EXOR bIT 3 
H a 1 ! 1 ! @ !thlT 1 EXCR BIT 2 EXOR BIT 3 
! 4 1 ! 1 ! 1 !plT @ EXOR sIT 1 EXOR BIT 2 


PSEULC RANDCM SEQUENCE LENGTH 


# OF BITS SEGUENCE LENGTK '‘COARSE" FEEDbACh bITS 


N 2*+N-1 FEEDBACh bITS 
2. Bay ih Say ieee Col 
3 7 152 
4 15 223 
5 31 204 
6 63 425 
7 127 526 C346] 
& 255 1325457 (4255657) 
9 S11 Asd ¢ 
18 12223 609 
ll 2947 621@ 
12 42895 527216211 . €256595119 
13 62191 | 6-9s11s12 €$s16211212) 
14 162383 327212213 ; 
15 32s 767 13514 
16 652535 3212514515 


THIS TABLE IS FROM ELECTRONCTES "MUSICAL ENGINEERS HANDsCCK' 
CHAPTER 5 - SECTICN KH - PAGE 4 -~ 
DATA IN (©) ARE FROM DON LANCASTER TTL CCOKpCOCK. DATA IN [] 
ARE ALTERNATIVES. 


ROE IN TT IIE I LOL ELIE LEE LE EL DM LH 


DISCNAME: X 
FILEWAME:RITBUF - DCC 
WDATED: 25-JUN-79 


WRITING THE IMAGE BUFFERS 


THIS 1S A STEP BY STEP DESCRIPTION OF HOV TO GET DATA 
FROM THE VIDEO PIXEL PROCESSOR TC THE IMAGE bUFFERS. 

THE IMAGE BUFFERS CONSIST CF EIGHT 8K bY 4 BIT MULTI- 
PORT MEMORIES» ACCESSIBLE THROUGH FOUR SOURCES. 
bUS: THE LSI-11 
BUS: THE DISPLay TIMING/REAL TIME DIGITIZED INPUT 
BUS: THE VIDEO PIXEL PROCESSOR 
bUS: THE VIDEG PIXEL PROCESSOR 


var p 


WRITING FROM THE VIDEO PROCESSOR-C BUS: 


Stet eee ee he ee 


DATA MUST BE RCUTED THRCUGH THE ALU UNITS TC ARRIVE AT 
THE IMAGE pUFFERSe THESE ARE THE STEPS NEEDED TO IDENTIFY 
RELEVANT CPERATICNS-+ 


TO CONNECT THE sUFFER TO THE C puUS: 


1) REQUEST THE DESIRED sUFFER THROUGH THE "C-REQUEST' REGISTER- 
2) VERIFY THAT YOU HAVE bEEN "GRANTED' USAGE OF THE BUFFER bY: 
A) COMPARING THE *C-REQUEST' REGISTER TO THE ‘C-GRANT’ 
“REGISTER THROUGH THE ALU. WHEN EQUALs THE REQUEST HAS 

bEEN GRANTED AND THE C sUS NOW CONTROLS THE bUFFER- 

6b) USING THE C- REGUEST = C-GRANT TEST BIT» AVAILABLE AS A 
“TEST CONDITICN INPUT TO THE SEQUENCER- THIS WILL BE 
ACCURATE CNLY WHEN ALL REQUESTED BUFFERS HAVE bEEN 
GRANTED. 


TC WRITE DATA INTO THE BUFFER: 


THE C BUS DATA IS “ALIGNED' INTO 4 bIT 'NIbBLES' IN 
THE 16 bIT DATA CUTPUT+ THIS ALIGNMENT OF CUTPUT BITS IS 
(RGANIZED bEFCRE bEING SENT ALONG TO THE BUFFER DATA INPUT AS 
FOLLOWS + 

bITS 6-3 ROUTE TC bUFFER ZERO AND bUFFER FOUR 

b1ITS 4-7 ROUTE TO bUFFER ONE AND bUFFER FIVE 

bITS 6-11 RCUTE TC SUFFER TWO AND bUFFER SIX 

bITS 12-15 ROUTE TOC BUFFER THREE AND BUFFER SEVEN 
THIS ALIGNMENT CAN EASILY bE DONE bY THE "PCOST-FCRMAT' 
REGISTER 


PROGRAM 
MotES 


NOW SAYs THE DATA TC bE WRITTEN IS CONTAINED IN pbITS @ 
TC 3 OF THE "EMIT" GROUP IN THE PIPELINE, AND WE WANT TC WRITE 
THIS LATA TO “BUFFER CNEs THE FOLLOWING STEPS ARE TAKEN: 
1) SET THE PCSTFORMAT REGISTER TO 11120802 sbINARY/EG HEX. 
THIS PLACES siTS © TO 3 GF THE ALU LCCAL CUTPUT INTC 
bITS 6 TO 3 AND 4 TC 7 CF THE ALU DRIVEN OUTPUT. WHICH 
GGES TO THE EXTERNAL REGISTERS AND THE BUFFER DATA 
INPUTS. 
2) PLACE THE DESIRED BUFFER ADDRESS INTO THE C-ADDRESS 
“REGISTER THRCUGH AN ALU OPERATIONs SETTING THE C- 
ADDRESS CONTROL GROUP IN THE PIPELINE TC ‘LOAD'. 
ALTERNATIVELY THE C-ADDRESS UNIT MAY bE CLEARED, 
INCREMENTED CR DECREMENTED THRCUGH THE PIPELINE. 
3) ROUTE TKE ‘EMIT’ GRCUP TO THE C-DATA REGISTER bY AN 
“ALU OPERATION: © ‘ 
A) THE ALUA INPUT AT "EMIT" (NUMpDER ZERC). 
b) SET THE ALU TC 'R PLUS CARRY-IN' VITH THE PIPELINE 
’ CARRY-IN bIT AT ZERO. | 

C) THE ALU CUTPUT SHIFTER AT F TC YsWITH THE REGISTER 
’ FILE AT HOLDs AND THE Q-REGISTER AT HCLD. 

D) THE CUTPUT SELECTOR GROUP PCINTING TC THE C-DATA 
' REGISTER (NUMBER GNE). 


AT THIS POINT THE BUFFER DATA AND ADDRESS HAVE BEEN 
PLACED ON ThE C bUSs AND THE LAST REMAINING CPERATICNs TC DETER- 
MINE THE CONTROL SIGNALS WILL 5E DONE THROUGH THE PIPELINE: 


4) PLACE THE C CONTROL GRCUP TO THESE SETTINGS: 
A) BUS ENASLECL) AT HIGH 
6b) SUFFER ENADLECL) AT A LOW 
C) pUFFER READ/WRITEECL) AT LCW 

5) WAIT CNE FULL MICRCO-INSTRUCTIOGN (226 NANCSECONDS) FOR 
“THE BUFFER TO WRITE THE DATA INe 1 
NCTE: . THE CCONTRCL GROUP TAKES EFFECT AT THE BEGINING OF 
THE MICRC-INSTRUCTIONs AND CONTINUES FCR ITS DURATION, 
WHILE EXTERNAL REGISTERS ARE WRITTEN TCs AT THE END OF 
A MICRC- CYCLE. 


A SAMPLE MACROG-11 PROGRAM THAT SINGLE-STEPS TC READ/ 
WRITE TRE pUFFERS 1S FOUND UNDER FILENAME: FILERY 


LISCNAME: O 
FILENAME: TIMING 
UDATED: 4-AUG-79 


THIS IS A DESCRIPTION OF TIMING CPERATIONS OF THE 
VIDEC PIXEL PROCESSGR» FROM TKE MICRO-PROGRAMS* POINT OF VIEW. 
ALSO DISCUSSED IS THE INTERCONNECTION IN TIME OF THE pUFFER 
MEMORIES» CUTPLUT REGISTERS AND INPUT SELECTCRS+ KNOWLEDGE 
QF THESE RELEATICNSHIPS IN TIME 1S CRUCIAL FCR DEVELOPING 
COKERENT MICRO-PROGRAMS.- 

THE EMULSIFIER IS THE NAME CF THE COLLECTICN OF 
UNITS» THAT TOGETHER PRODUCE THE IMAGE TRANSFCRMATICNS.- 
THESE ARE THE LSI-11 INTERFACE» THE VIDEC PIXEL PRCCESSOR. 
JHE IMAGE pUFFERS» THE ADLRESS DISTCRTICN GENERATOR AND 
ALL ANCILLARY CCHPCNENTS TC FACILITATE CPERATICGN.- 

THE TIMING FOR THE IMAGE EMULSIFIER IS DERIVED FROM 
A CCMMON CENTRALIZED CLOCK THAT IS LOCKED TC THE KGRIZCNTAL 
sYNC PULSEs TKIS PHASE LCCKING TO THE KORIZONTAL SYNC ALSO 
LOCKS TO THE CCLOR SUBCARRIER PHASEs IF THE SUBCARRIER I5 
"PHASE CCKERENT' TO KORIZONTAL SYNC+- THIS ALSO IS OF USE WHEN 
LOCKING TO bLACK AND WHITE SIGNALS WITKOUT A SUbBCARRIERs AS 
WELL AS HETERODYNED TAPE SIGNALS WHERE THE SUbCARRIER PHASE IS 
UNLOCKED TO HORIZONTAL SYNC+e WHEN DEALING WITH TAPE SIGNALS AND 
TIME pbASE ERRORs A SELECTABLE "LOCK RATE" OF SLOW OR FAST. MIGHT 
bE USED TO CORRECT FOR SKEWING CF TKE TAPE IMAGE. CURRENTLY A 
SLOW LOCK IS USEDs TRACKING THE AVERAGE RATE CF THE HORIZONTAL 
SYNC e : 

THE MAIN CLOCK FREQUENCY IS SET AT 9+75524 MHZ 
(CPTIONALLY 19-51@5 MHZ) WHICH IS AT AN INTEGER MULTIPLE 
(e286 TIMES) THE HORIZONTAL FREQUENCY+ THIS HIGH FREQUENCY 
CLOCK SIGNAL IS FURTHER DIVIDED DOWN bY TWOs ARRIVING 
AT 466776 MKZs THE MAJOR CLOCK FOR THE IMAGE EMULSIFIER. 
Ti1S CLOCK RATE HAS A PERICD OF 265 NANOSECONDS PER 
IMAGE CYCLE» THE SMALLEST TIME UNIT FOR INSTRUCTION 
EXECUTIONe INTERNALLY THIS CLOCK 1S FURTKER DIVIDED INTC 
FOUR CYCLESs A Tls T2se T3s AND A T4 CYCLEs EACH CF A 5@ 
NMANCSECOND LDURATIONe THESE FOUR SUpCYCLES CONSTITUTE A 2@5 
NMANCSECOND "MICROCYCLE'. 

THE VIDEC PROCESSOR AND IMAGE bUFFERS SHARE THESE 

MICROC YCLE/MICRO?? TIMING SIGNALS» AND OPERATICNS ARE VIEWED 
aS OCCURRING AT THE BEGINNING, END.» OR DURATION OCF A TIMING 
CYCLEs WE WILL NOW EXAMINE MICROPROGRAM OPERATIONs AND RELATE 
THEIR EXECUTICN TC THE TIMING SUbCYCLES (Tls T2s T3s T4)s THAT 
MAKE UP A mICROCYCLE- mai} 


PRCGRAMMING OF THE VIDEC PIXEL PROCESSOR IS CLOSELY 
LINKED TO THE TIME SEQUENCING OF INSTRUCTIONS- THE ABILITY 
TC mMICROPRCGRAM THE PROCESSOR OPENS CPERATIONS TO PARALLEL 
EXECUTIONs WITHIN CNE MICROCYCLE-e THIS PARALLELISM AFFECTS 
PROGRAM SEQUENCINGs, ARITHMETIC/LOGICAL FUNCTICNS. bUS 
ALDRESS AND CONTROL» AND PROCESSOR COMMUNICATION. EACH 
"LINE' CF CONTROL COLE CORRESPCNDS TC A ‘WIDE WORD" OF THE 
CONTROL STCRE-e THE CUTPUT OF THE CONTRCL STCRE IS LATCHED INTC 
A PIPELINE REGISTER WHICH HOLDS TKE sIT PATTERN FOR THE DURA- 
TION CF A MICRO-OPERATICNe THE CUTPUT OF THE PIPELINE REGISTER 
IS FURTHER ROUTED TO ENAbLE OR ACTIVATE CTHER FUNCTICNS 'HUNG' 
OFF THE PIPELINE pbITS+ THESE FUNCTIGNAL UNITS MAY bE bRCKEN 
LOWN INTO THE FCLLOWING CATEGORIES: 


1) THE miCRC-SEQUENCER 

2) ARITHMETIC LOGIC UNIT/REGISTER FILE 
3) ALU SELECTED CUTPUTS 

4) ALU SELECTED A/p INPUTS 

5) THE bUS ADDRESS UNITS 

@) THE pUS CONTROL pITS 

72 RANDCM NUMBER GENERATOR 

6) MULTIPLIER 

9) ThE IMAGE bUFFERS 


EACK UNIT MAY HAVE ITS CWN TIMING Shatriatasbiins sane 
BUT THE FOLLOWING CVERVIEW 1S HELPFUL: 


1) THE MICRO-SEQUENCER 


waa weeeenr eee ee eww ee ean o 


THE SEQUENCER OPERATES AT THE 26@ NANOSECCND CLOCK 
PERLODe THE PRODUCT OF TKE CPERATION CF THE SEQUENCER APPEARS 
AS THE CUTPUT OF THE PIPELINE REGISTER» AND iS USED TO DETER- 
MINE THE NEXT INSTRUCTICNs NEXT TEST CCNDITICNS AND NEXT ADDR- 
ESS» WHILE THE CURRENT INSTRUCTION IS EXECUTINGe THIS ARRANGE- 
MENT IS CALLED A ‘ONE LEVEL PIPELINE’. CONDITICNAL INSTRUCTICNS 
HEQUIRE EXAMINATION CF THE TEST bITS+ THESE TEST BITS ARE 
SAMPLED AT THE bEGINNING CF A MICRO-INSTRUCTICN. CORRECT OPERA- 
TION TESTS THE RESULTS OF A PREVIOUS CPERATION» TC SPECIFY THE 
CURRENT TEST CONDITIONS. EXTERNAL TEST bITS ARE ALSO SAMPLED AT 
THE pEGINNING (WITHIN T1) CF A CYCLEe BY THE MIDDLE OF THE 
mICRCCYCLE THE NEXT ADDRESS IS AVAILABLE AT TKE SEQUENCER 
CUTPUT- THE LAST HALF CF THE MICROCYCLE IS USED FOR ACCESS OF 
THE CONTROL STORE LOCATION, WHICH 1S LATCHED AT THE END OF THE 
CYCLE (THE bEGINNING CF TKE NEXT CYCLE). 


2) ARITHMETIC/LOGIC UNIT. REGISTER FILE 


TRE 16 obIT ARITHMETIC LOGIC UNIT CONSISTS CF FCuR 
bPAVCR SECTIONS: 


Ad LATA INPUT SELECTORS 
6) ARITHMETIC LOGIC UNIT 
Cd) A REGISTER FILE 

Lb) CUTPUT SELECTOR 

E) STATUS REGISTER 


CPERATION CCCURS IN A THREE STEP PROCESS+« THE INSTRUC- 
TION 1S LATCHED INTC THE PIPELINE REGISTER» MARKING THE bE- 
GINNING OF THE CYCLE-e THE DATA INPUTS ARE SELECTED AND ROUTED 
JO THE ALU SECTION DURING T1- THE ALU PROCESSES THIS DATA FCR 
JHE LURATICN OF CYCLE T2 ANL T3 WITH THE RESULTS AVAILABLE AT 
ThE END CF T3-e THE REGISTER STACK IS WRITTEN TC FOR THE 
LURATION OF T4 CIF ENABLED bY TKE INSTRUCTICN)+ STATUS 
INFORMATION (NEGATIVE, ZERCs CVERFLOW AND CARRY) IS LATCHED 
INTO THE ALU STATUS REGISTER AT THE END CF T4 (IF THE STATUS 
HOLD bIT 1S RESET)+ THE ALU DATA CUTPUT CF THE CURRENT OP- 
FRATICN 1S ALSC MADE AVAILAbLE TOWARD THE END OF THE T4& CYCLE. 


32 ALU SELECTED CUTPUTS 


‘EXTERNAL REGISTERS‘ ARE ENAbLED THROUGH USAGE CF THE 
CUTPUT SELECT GRCUP+- THESE piTS» WHEN DECODED ENABLE THE AP- 
PROPRIATE CUTPUT REGISTERS TO TAKE IN DATA FROM THE ALU DATA 
OUTPUT+ AS THE OUTPUT SELECT GROUP IS A PARTIALLY ENCODED 
GROUPs ONLY ONE REGISTER MAY BE ENABLED IN A SINGLE MICRO- 
INSTRUCT ICN. 


4) SELECTED A/s INPUTS 


IN ITS SIMPLIFIED VERSION» THESE ADDRESS UNITS ARE 
PRESETABLE UP/DCWN CCUNTERS~- OPERATICNS OCCUR AT THE END OF THE 
CURRENT MICROINSTRUCTION» WHETHER IT IS AN UP/DCWN CPERATICN. 
GR LCADING CF THE CCUNTER- THE SCURCE FOR LOADING DATA COMES 
FROM THE CUTPUT CF THE ALU UNIT+ WHEN SETTING THE COUNTER TC A 
VWLUE- THE ALU PREPARES THE DATA DURING Tl» T2s AND T3 AND 
272271S MADE AVAILABLE TO THE COUNTERS LURING T&- THE ACTUAL 
LOALING CCCURS AT THE END OF T4 OR THE END CF THE CURRENT 
mMICRCINSTRUCTICN. 


@) THE »US CONTRCL bITS 


THESE pbITS ARE USED TC CCNTROL THE STATE OF THE C AND 
Db pUSES+e ThEY CONTROL THE REAL/WRITE LINE AND ENABLE LINES 
wilCh ARE ROUTED TO ThE pUFFERS CONNECTED TC THAT bUS+ THESE 
blITS ARE AVAILASLE AT THE bEGINNING OF THE CURRENT MICROIN- 
STRUCTION (T1) AND ARE MAINTAINED FOR THE DURATICN CF THE 
CURRENT MICROCYCLE. j i 

IT 1S USEFUL TC REVIEW THE OPERATION CF THE BUFFERS 
bY CONTROL CF THESE pbITS- FIRST AN ADDRESS IS SET UP 
IN THE ADDRESS UNIT+e ADDRESS UNIT CNE CONNECTS TC THE C bUS.~ 
WilLE ALLRESS UNIT TWO CONNECTS TO THE D bUS+ CNCE A BUFFER 
Is ATTACKED TC A bUS THROUGH THE PRIORITY LOGIC 
CR A SCFT REQUEST» ThE CONTROL LINES DETERMINE OPERATION 
CF THE DUFFER-e IF BUFFER ONE IS CONNECTED TC BUS Cs A READ 
GPERATION IS INITIATED AT THE pEGINNING OF A MICRC- 
CYCLE. sbY SETTING THE READ/WRITE bIT KIGHs AND THE ENABLE 
blIT LOWe ThESE pITS ARE PICKED OFF DIRECTLY AT THE PIPELINE 
REGISTER AND KENCE ARE AVAILABLE FOR THE DURATION OF THE 
MICROCYCLEe THE READ CPERATICN TAKES A FULL CYCLE AND THE 
IATA 1S AVAILABLE AT THE BUFFER CUTPUT» AT THE END CF THE 
CURRENT MICROCYCLE- THE WRITE CPERATION REQUIRES SETUP 
LATA INPUTS AND ADDRESS+ CNCE THESE ARE DETERMINED A WRITE 
GPERATIOCN IS ACHIEVED THROUGH SETTING bOTH THE READ/WRITE AND 
JhE ENABLE bIT TO A LOWe TKE WRITE CYCLE CCCURS 
AT THE pbEGINNING CF THE MICRCINSTRUCTION AND CONTINUES FOR 
THE REST OF THE CYCLE- THE ‘LOCPED AROUND' DATA 1S LATCKED 
AT THE END CF T4 AND IS AVAILABLE AT THE END OF TKE CURRENT 
MICRCINSTRUCTICNs AS 1S THE CUTPUT FOR REAL CPERATIONS- 


7) RANLOM NUMBER GENERATCR 
&) MULTIPLIER 


9) THE IMAGE bUFFERS 


SUMMARY 


INPUT SELECTICN CCCURS AT THE bEGINNING OF A MICRO- 
INSTRUCTIONs FUNCTICNS AND MEMCRY CPERATICNS HAPPEN FOR THE 
WRATIGN OF THE NICROINSTRUCTIONs AND OUTPUTS ARE WRITTEN TC 
CGR LATCKED AT ThE END CF THE CURRENT MICROINSTRUCTION. 


LISCNAME: 0 
FILENAME: PIXEL 
WLATED: 16-DEC-79 


PROGRAMMING OF THE VILEC PIXEL PROCESSOR 
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THIS 1S A DISCUSSION OF METHODS AND TECHNIQUES» FOR 
WITING EXECUTABLE MICROPROGRAMS» FOR PROCESSING OF BUFFER 
MEMORIES AND OTHER RELATED PROGRAMMABLE UNITS~« 

" THE VIDEO PIXEL PROCESSOR IS A HIGH SPEED pbIPCLAR 
MICROPROCESSOR,» OPERATING AT A CYCLE TIME CF 268 NANCSECONDS. 
IN A SINGLE CYCLE AN INSTRUCTICN CAN bE EXECUTEDs RESULTING IN 
CONTROL OF MANY CPERATIONS IN PARALLEL. THE NUMBER OF UNITS 
THAT MAY bE CONTROLLED 15 DETERMINED bY THE WIDTH OF THE 
CONTRCL WORD. EACH CCNTROL WORD IS SUBDIVIDED INTO '*FIELDS' OR 
CONTROL GROUPS» WHICH INDEPENDENTLY CAN BE CONNECTED TC DIRECT 
(PERATION OF CThER FUNCTIONAL UNITS. 

PROGRAMS ARE WRITTEN INTO A PROGRAM STOREs SO CALLED 
WRITABLE CONTROL STORE, WHICH HOLDS THE CONTRCL FIELDS GR 
GROuPS+ THE CONTROL STORE IS FIRST FILLED WITH THE DESIRED 
PROGRAM OF CONTROL GROUPS» THEN STEPPED TERGCUGH BY THE WICRO- 
PROGRAN SEQUENCER+e THE MICROPROGRAM SEQUENCER ACTS AS A PROGRAM 
COUNTER TO "PICK" ITS WAY THROUGH THE PROGRAM CONTROL STORE. 
JHE CUTPUT OF THE CONTROL STORE IS ROUTED THROUGH A PIPELINE 
REGISTER» WHICK HOLDS THE CURRENT MICRCINSTRUCTION FOR THE 
WRATICN OF A MICROINSTRUCTICN CYCLE. THIS MICROINSTRUCTION 
Is MERELY THE COLLECTION GF CONTRCL GROUPS THAT '"STEER* TKE 
CTHER FUNCTIGNAL UNITS "HUNG" OFF THIS PIPELINE REGISTER. THE 
SEQUENCER ITSELF IS PARTIALLY INSTRUCTED bY THE CURRENT PIPE- 
LINE REGISTER» TO DETERMINE ITS NEXT INSTRUCTICN»s TC STEP 
JIROUGH THE CONTROL STORE. ~ as 


THE PIPELINE REGISTER IS LIVIDED INTO SIX MAJOR CONTROL 
GiCUPS WHICH CONTROL: — : : 
1) THE MICROPROGRAM SEQUENCER 
2) A GENERAL PURPOSE 16 bIT EMIT GROUP 
3) THE ARITHMETIC/LCGIC UNITs REGISTER STACK AND 
” EXTERNAL REGISTERS aaa i 
4) THE TWC ADDRESS FORMATION UNITS 
5) THE CONTROL LINES FOR THE MEMORY BUFFER ON THE 
~ C= AND D- BUSES 
6) RANDOM NUMBER GENERATCR 
7) EXTRA CONTROL GROUP FOR ADDITICNAL SUPPORT CIRCUITS 


WE WILL NOW EXAMINE IN GREATER DETAIL EACH CONTROL 
GROUP» WHAT THEY CGNTROL AND THE ASSEMBLAGE OF THESE GROUPS 
JC MAKE UP MICROPROGRAMS FOR bUFFER» IMAGE AND AUDIO 
TRANSFCRMATIONS: speed 


SEE 


asd Tea era, 


LISCNAME: X 
FILENAME: TESTS+DOC 
WDATED: 25-APR-79 


TESTING THE VIDEG PIXEL PROCESSOR 


OUTLINED 1S A STEP bY STEP PROCEDURE FOR DIAGNOSING 
HARDWARE MALFUNCTIONS IN THE IMAGE EMULSIFIER. SOME OF THESE 
TESTS REQUIRE MONITORING WITH A DUAL CHANNEL OSCILLOSCOPE, TO 
VERIFY PROPER OPERATIGNe TEST PROGRANS ARE SUPPLIED WHERE 
POSSIBLEs AND SIMPLIFY ERROR DETECTION. THE LIST 15 CRDERED 
JO OUTLINE A RECOMMENDED STEP bY STEP INVESTIGATION WHEN 
HARDWARE ERRORS ARE SUSPECTED. WOTE THAT SOME ERRCRS ARE NOT 
LETECTEABLE UNDER PROGRAM CONTROL-e THESE ARE MAINLY DEFECTS 
IN SYSTEM TIlNING CAUSED bY DEFECTIVE CIRCUITS» WHICH CAN BE 
POINTED TG CNLY UNDER FULL SPEED OPERATICNe THESE PRGGRAMS 
LO DETECT STATIC PRODLEMSs MISTAKES WHKIGK ARE CAUSED bY WIRING 
ERRORS» AND MAJOR FAILURE IN INTEGRATED CIRCUITS+« THE BEST 
TEST OF THE EMULSIFIER 1S ITS OPERATION UPON KNOWN IMAGE DATAs 
AT FULL SPEED. Siem mae ; 


TEST SEQUENCE 


1) TEST PCWVER SUPPLY AND CHECh FCR PLUS FIVE VOLTS ON 
" DIGITAL RACK 
@) VERIFY THAT THE LSI-11 INTERFACE IS CCRRECTLY 
~ INSTALLEL IN pbACKPLANE (CORRECT SLOT) AND THAT 
THE INTERFACE CAbLE SUCCESFULLY REACHES THE 
DIGITAL RACK ON THE sCTTOmM SLOT(S1-u3) 
3) TEST LSI-11 INTERFACE - DOES IT ALDRESS (NO M-TRAPS) 
4) TEST LSi=-11 MICRO-REGISTER DECCDERS , 
A) READ DECCDERS 
b) WRITE DECGDERS 
5) CHECK WRITING ANL READING OF THE LSI-11 '‘FORCE- 
~ ADDRESS" REGISTER. 
6) TEST FORCE-ADDRESS bIT»s AND FORCE-ADDRESS SELECTORS 
7) TEST CLOCK ; ; 
; A) MASTER X CLOCK 
b) UNGATED ALU/SEQUENCER CLOCK 
C) RUN/HALT THE GATED CLOChS 
D) SINGLE STEP THE PIPELINE CLOCK 
E) SINGLE STEP THE ALU GATED CLCCK 
6) CONTROL STORE / PIPELINE TEST 
y) TEST ALU SELECTOR DECODERS 
R A) A INPUT SELECTOR DECCDERS 
6b) b» INPUT SELECTOR DECODERS 
C) OUTPUT SELECT DECODERS 


1G) TEST EMIT TO ALU TO READpACK TEST 

ee TEST A INPUT SELECTORS - EMIT TC ALU READBACK 

12) TEST ALU EXTERNAL REGISTERS» A INPUT SIDE 

£33 TEST & INPUT SELECTORS - EMIT TC ALU READBACK 

14) TEST ALU EXTERNAL REGISTERS» & INPUT SIDE 

153 CHECK SEQUENCER OPERATICN i 

16) CHECK ARITHKMETIC/LOGIC UNITS (ALU) CPERATICN 

17) TEST THE IMAGE BUFFERS ON THE AsCsD bUSES— 

13) READ OUT THE bUFFERS TEST PATTERN WRITTEN bY STEP 17 
TO THE VIDEO SCREEN USING THE b-bUS (THE ADDRESSING 
pOARD) — ; i 

19) TEST THE EXTERNAL o5-DATA FRAME-GRAs INPUT FCR CCRRECT 


“"REAL-TIME' ACQUISITION CF AN INAGEs USING THE READ- 
VERIFY-WRITE MODE OF THE ADDRESSING pCARD 
20) " CHECK CORRECT OPERATION OF ADDRESS UNIT ON THE 
“ADDRESSSING »SCARD 
A) THE STANDARD X-Y SCAN 
b) THE *"SCREEN-CFFSET* REGISTERS (THE ‘SHIFT' 
“? FUNCTION) — ; 3 : 


LWDATED: 


LISCNAME: 
FILENAME: 


oid 
a 


bRAKUP - DOC 
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bOARD bREAKDCWN - FUNCTIGNAL BLOCKS 


1) ALU/SEQUENCER sOCARD 
i A) ARITHMETIC LOGIC UNITS 


b) 


C) 


D) 


1) ARITHMETIC LOGIC UNITS: AMD 2983 ALUG<3 
@) LOCI-A-HEAD CARRY UNIT: AMD 29¢2 LCAR 
3) STATUS LATCH/COND-TEST SEL-: AMD 2984 STMUX 
SEQUENCER/CONTRCOL STORE/PIPELINE 
1) CONTROL STORE 
2 A) WRITApLE CONTROL STORE - 256 WORDS BY 
' $8 bITS: FAIRCHILD 93Laee2 
bd BANK DEC CDER 
2) PIPELINE REGISTER - &@ bITS WIDE: AND 25518 
3) SEGUENC ER 
A) SEQUENCER/CONTROLLER: AMD 2918 
B) ‘DIRECT EMIT GROUP DRIVER 
C) TEST/STATUS MULTIPLEXER: AMD 2920 
Db) FORCE ADDRESS SELECTOR 
LSI-11 MICRO-REGISTERS 
1) LSl-11 ADDRESS DECODING LOGIC 
2) MICRG CONTROL/STATUS REGISTER 
3) ALU READbACK REGISTER 
4) LSI-11 MICRO-ALDDRESS REGISTER 
5) SEQUENCER MCNITOR REGISTER 
6) ALU MONITOR REGISTER ~ 
CLOCK GATING LOGIC” 
1) NICRC-CONTRCL/STATUS REGISTER 
“  “A) HALTs SINGLE STEP LATCHES 
6) SINGLE STEP ENABLE BITS - PIPELINE AND ALU 
C) MEMORY TRAP LATCH 
EXTERNAL ALU REGISTERS 
1) C-DATA REGISTER 
2) D=-DATA REGISTER 
3) C-ADDRESS REGISTER 
4) D-ADDRESS REGISTER 
5) PRESELECT A LATCH 
6) PRESELECT 5s LATCH 
7) POSTFCRMAT LATCH 
POSTFORMAT / ALU CUTPUT DRIVER 
1) POSTFCORMAT SELECTOR 
2) ALU CUTPUT DRIVER 


